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Disclaimer	
	
This	manuscript	is	fully	written	in	English.	
SUMMARY	IN	FRENCH	
Ce	manuscrit	étant	 rédigé	en	anglais,	un	 résumé	en	 français	est	placé	en	début	de	
chaque	partie,	encadré,	sous	cette	mise	en	forme.	
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I. Introduction	
	
Résumé	1.	Introduction	
SUMMARY	IN	FRENCH	
	
Importance	du	sujet	
 Lors	de	 la	mise	sur	 le	marché,	 les	 connaissances	sur	 les	effets	 indésirables	des	
médicaments	sont	limitées	et	justifient	un	suivi	post‐autorisation	rapproché.	Les	
études	pharmacoépidémiologiques	répondent	à	cet	objectif.	
 	Cependant,	 le	 poids	 donné	 à	 ces	 études	 observationnelles	 a	 parfois	 été	 sous‐
estimé	en	comparaison	au	«	gold‐standard	»	que	constituent	les	essais	cliniques.		
 La	place	accordée	aux	études	observationnelles	représente	un	enjeu	majeur,	qui	
dépend	étroitement	de	la	robustesse	des	résultats	obtenus	et	de	la	confiance	qui	
leur	 est	 accordée	 par	 les	 différentes	 parties	 prenantes	 (agences	 de	 régulation,	
etc.).		
 Le	 contexte	 multinational	 de	 pharmacoépidémiologie,	 et	 l'augmentation	 du	
nombre	 d'études,	 ont	 suscité	 des	 inquiétudes	 en	 lien	 avec	 la	 production	 de	
résultats	 contradictoires	 ou	 faussement	 significatifs,	 et	 avec	 le	 constat	 de	
l’impact	potentiellement	majeur	des	choix	méthodologiques	sur	 les	conclusions	
produites.	
 Dans	ce	domaine,	 la	méthode	de	mesure	de	 l’exposition	aux	médicaments	et	 la	
fenêtre	de	risque	considérée	pourraient	être	des	facteurs	majeurs	de	variabilité	
des	résultats	obtenus	pour	une	même	question	de	recherche.	
	
Mesure	de	l’exposition	:	méthodes	usuelles	de	prise	en	compte	
 Les	 comparaisons	 inter‐groupes	 traditionnellement	 utilisées	 présentent	
l’inconvénient	 majeur	 de	 négliger	 le	 caractère	 changeant	 de	 l’exposition	
24 
 
médicamenteuse,	et	omettent	de	prendre	en	compte	les	éventuels	changements	
de	doses,	interruptions,	etc.	1.		
 Des	approches	permettant	de	prendre	en	compte	 les	variables	dépendantes	du	
temps	ont	été	développées,	permettant	une	modélisation	plus	flexible	2,3.		
	
Exposition	médicamenteuse	en	vie	réelle	:	de	l’approche	groupe	à	la	notion	de	
trajectoires	d’exposition		
	
 Les	 expositions	 médicamenteuses	 sont	 multiples	 et	 discontinues,	 les	
comparaisons	effectuées	à	partir	de	groupes	exclusifs	reflètent	mal	la	réalité.		
 Avec	 notamment	 le	 passage	 successif	 par	 différentes	 lignes	 de	 traitement	
(exemple	 des	 chimiothérapies),	 le	 problème	 de	 catégorisation	 de	 l’exposition	
peut	 se	 ramener	 à	 une	 reconstitution	 de	 «	trajectoire	 d’exposition	».	 Il	 est	
cependant	 difficile	 de	 rendre	 compte	 de	 schémas	 de	 traitement	 complexes	 et	
discontinus	en	utilisant	des	statistiques	descriptives	conventionnelles.	
 Les	bases	de	données	de	l'assurance	maladie	(SNIIRAM)	offrent	un	potentiel	très	
important	pour	la	recherche	pharmacoépidémiologique,	en	lien	avec	la	taille	de	
la	 population	 couverte	 et	 le	 champ	 de	 ces	 données,	 à	 la	 fois	 ambulatoires	 et	
hospitalières.	Ce	potentiel	est	cependant	loin	d'être	exploité	à	sa	juste	valeur,	du	
fait	de	contraintes	d’accès,	mais	aussi	en	raison	de	la	complexité	des	données.	
 Des	développements	méthodologiques	sont	nécessaires	pour	améliorer	 la	prise	
en	 compte	 de	 l’exposition,	 en	 particulier	 dans	 des	 contextes	 spécifiques	
impliquant	des	trajectoires	d’exposition	complexes.	
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Introduction	
This	 section	 outlines	 the	 importance	 of	 exposure	 measurement	 in	
pharmacoepidemiology,	 in	 particular	 in	 the	 context	 of	 concerns	 regarding	 the	
impact	 of	methodological	 choices	 on	 study	 results.	 It	 also	 provides	 a	 background	
with	methods	applied	for	constructing	treatment	episodes	on	the	basis	of	patients‐
based	claims.	A	 third	part	outlines	 the	 lack	of	 research	on	how	 to	handle	complex	
treatment	episodes	in	specific	areas,	and	what	methodological	developments	on	the	
French	 health	 insurance	 databases	 might	 have	 to	 offer	 for	 longitudinal	
pharmacoepidemiological	studies.		
A. Importance	of	the	subject	
1. Increasing	number	of	studies	using	secondary	data	sources	
for	studying	drug	utilization,	drug	safety	or	effectiveness	
When	 placed	 on	 the	market,	 the	 knowledge	 of	 a	 drug	might	 be	 quite	 limited	 and	
would	require	a	close	post‐approval	monitoring.	Pharmacoepidemiological	studies,	
in	the	same	way	as	pharmacovigilance,	are	in	line	with	this	objective.	However,	the	
weight	given	to	these	observational	studies	has	sometimes	been	underestimated	in	
comparison	 to	 the	 "gold	 standard"	 represented	 by	 randomized	 controlled	 clinical	
trials.	 In	 addition,	 there	 is	 a	 strong	 need	 to	 provide	 a	 robust	 conceptual	 data	
management	and	methodological	framework,	to	strengthen	their	credibility	faced	to	
data	from	clinical	trials	and	to	enhance	confidence	in	the	conclusions	derived.	
 An	 essential	 prerequisite:	 transparency	 of	 data	a)
source	and	methodological	support	
The	growing	multinational	context	of	pharmacoepidemiology	has	generated	a	need	
to	 develop	 common	 protocols	 and	 data	 models	 4	 and	 the	 need	 of	 documenting	
database	 content.	 Before	 going	 further	 in	 the	 implementation	 of	 multi‐source	
studies,	the	content	of	the	database	should	have	been	sufficiently	documented,	and	
the	 crucial	 content	 should	 have	 been	 validated	 5.	 Pharmacoepidemiological	
databases	which	have	been	particularly	used	are	often	accompanied	by	a	 range	of	
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methodological	 work	 ensuring	 sufficient	 robustness	 of	 the	 data	 or	methods	 used.	
This	is	the	case	for	instance	for	the	Clinical	Practice	Research	Datalink	(CPRD)	6,7.		
Increasing	 the	 confidence	 of	 stakeholders	 in	 the	 conclusions	 derived	 from	
observational	studies	is	crucial,	and	is	closely	related	to	an	appropriate	structuring	
of	 the	 discipline.	 Examples	 towards	 a	 robust	methodological	 framework	 comprise	
the	development	of	good	practices	and	networks.	
The	 European	 Network	 of	 Centres	 for	 Pharmacoepidemiology	 and	
Pharmacovigilance	 (ENCePP)	 was	 created	 by	 the	 European	 Medicines	 Agency	 in	
2006	in	order	“to	strengthen	the	monitoring	of	the	benefit‐risk	balance	of	medicinal	
products	 in	 Europe	 by	 […]	 facilitating	 the	 conduct	 of	 high	 quality,	 multi‐centre,	
independent	 post‐authorization	 studies	 (PAS)	 with	 a	 focus	 on	 observational	
research;	bringing	 together	expertise	and	resources	 in	pharmacoepidemiology	and	
pharmacovigilance	across	Europe	and	providing	a	platform	for	collaborations;	[and]	
developing	 and	 maintaining	 methodological	 standards	 and	 governance	 principles	
for	research	in	pharmacovigilance	and	pharmacoepidemiology”.	
The	 methodological	 approaches	 for	 multi‐source	 pharmacoepidemiology	 studies	
have	 been	 addressed	 by	 the	 ENCePP	 Work	 Plan	 2013‐2014	 8.	 The	 report	 of	 the	
Working	 Group	 on	 data	 sources	 and	multi‐source	 studies	 prepared	 a	 synthesis	 of	
current	practice	and	lessons	learned	from	these	studies,	on	the	basis	of	a	survey	of	
researchers	coordinating	multi‐source	projects	funded	by	the	European	Commission	
9.	In	addition,	an	“Inventory	of	EU	data	sources	and	methodological	approaches	for	
multi‐source	 studies”	 had	 been	 planned	 as	 a	 mandate	 of	 an	 ongoing	 ENCePP	
Working	Group	10.		
 General	guidance	a)
In	 addition	 to	 the	 creation	 of	 networks,	 methodological	 standards	 and	 good	
practices	 in	Pharmacoepidemiology	represent	an	 important	step	 for	 increasing	the	
quality	 and	 robustness	 of	 pharmacoepidemiological	 studies.	 The	 ENCePP	 has	
published	a	Guide	on	Methodological	Standards	in	Pharmacoepidemiology	11.		
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In	 parallel,	 the	 International	 Society	 For	 PharmacoEpidemiology	 (ISPE)	 has	
developed	 Guidelines	 for	 Good	 Database	 Selection	 and	 use	 in	
Pharmacoepidemiology	Research	(Pharmacoepidemiol	Drug	Saf	2012;21:1‐10).	The	
International	 Society	 for	 Pharmacoeconomics	 and	 Outcome	 Research	 (ISPOR)	 has	
designed	 “Good	 research	 practices	 for	 designing	 and	 analysing	 retrospective	
databases	 for	 comparative	 effectiveness	 research”12–14.	 The	 German	 Society	 for	
Epidemiology	 (DGEpi)	 has	 also	 formulated	 Good	 Practice	 in	 Secondary	 Data	
Analysis15.	The	Food	and	Drug	Administration	(FDA)		“Best	Practices	for	Conducting	
and	Reporting	Pharmacoepidemiologic	Safety	Studies	Using	Electronic	Health	Care	
Data	Sets”	are	also	relevant	in	this	area	16.	
Other	quality	assessment	tools	for	the	evaluation	of	pharmacoepidemiological	safety	
studies	 have	 been	 reviewed	 17	 and	 other	 methodological	 papers	 18–20	 are	 also	
contributive.		
Outside	 general	 guidances	 which	 could	 provide	 some	 recommendations	 on	
reporting,	dedicated	recommendations	have	been	designed.	For	years,	the	STROBE	
(Strengthening	 the	 Reporting	 of	 Observational	 Studies	 in	 Epidemiology)	 applied	
directly	for	pharmacoepidemiological	studies	21.	However,	following	several	calls	for	
reporting	 guidelines22,	 a	 checklist	 for	 REporting	 of	 studies	 Conducted	 using	
Observational	Routinely‐collected	Data	 (RECORD)23	was	developed	on	 the	basis	of	
STROBE	 (The	 REporting	 of	 studies	 Conducted	 using	 Observational	 Routinely‐
collected	health	Data	(RECORD)	Statement).	
2. Conflicting	 results,	 spurious	 associations:	 a	 need	 to	
increase	confidence	and	level	of	evidence	
The	 multinational	 context	 of	 pharmacoepidemiology,	 and	 the	 resulting	 increased	
number	 of	 multi‐source	 studies	 have	 also	 generated	 concerns	 in	 relation	 with	
conflicting	 results,	 spurious	 associations,	 and	 the	 question	 of	 the	 impact	 of	
methodological	 choices	 on	 study	 results.	 In	 the	 section	 “interpreting	
pharmacoepidemiology	results",	Strom	et	al.	discussed	the	issue	of	erroneous	safety	
issue	 24,	 stating	 that	 “misinterpretation	 of	 epidemiologic	 studies	 perpetuates	 the	
impression	that	the	discipline	is	weak	by	generating	controversy	over	study	results”.	
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They	concluded	that	“the	discipline	of	pharmacoepidemiology	may	be	improved	by	
focusing	support,	assessing	study	quality	and	advancing	a	greater	understanding	of	
the	field”.		
To	 overcome	 this	 issue,	 several	 international	 programs	 have	 been	 launched.	 The	
paragraph	 above	 highlights	 the	 lessons	 learned	 from	 methodological	 projects	 on	
observational	studies.		
 Lessons	 learned	 from	 PROTECT	 on	 common	a)
protocols	for	multi‐database	studies	
The	 outputs	 of	 the	 PROTECT	 projects	 (Pharmacoepidemiological	 Research	 on	
Outcomes	of	Therapeutics	by	a	European	ConsorTium)	are	of	particular	interest	 in	
this	area.	The	overall	objective	of	PROTECT	was	to	“strengthen	the	monitoring	of	the	
benefit‐risk	of	medicines	in	Europe”,	and	one	of	its	specific	objective	was	“to	identify	
and	help	resolve	operational	difficulties	linked	to	multi‐site	investigations”.	One	case	
study	has	particularly	illustrated	the	impact	of	the	study	design	and	the	choice	of	the	
risk	 window	 25.	 This	 study	 aimed	 to	 assess	 risk	 estimates	 of	 hip/femur	 fractures	
associated	with	benzodiazepines	use,	using	2	designs	and	two	data	sources	(Base	de	
datos	para	la	Investigación	Farmacoepidemiológica	en	Atención	Primaria,	BIFAP	and	
CPRD).	 For	 sensitivity	 analysis	 purposes,	 exclusion	 of	 the	 30‐day	 pre‐exposure	
period	from	the	reference	period	resulted	 in	a	major	 impact	on	risk	estimates:	 the	
incidence	 rate	 ratio	 (IRR)	 was	 0.73	 (0.63	 ‐	 0.84),	 but	 6.47	 (5.91‐	 7.09)	 after	
excluding	this	pre‐exposure	time.	This	example	does	not	strictly	reflect	the	impact	of	
design	changes,	nevertheless	an	adaptation	to	meet	the	condition	for	use.	The	same	
model	of	hip/femur	 fractures	associated	with	the	consumption	of	benzodiazepines	
was	also	used	to	assess	inconsistencies	across	databases	from	the	PROTECT	project	
26.	
One	 of	 the	 final	 recommendations	 of	 this	 project	 was	 to	 test	 the	 robustness	 of	
findings	 by	 conducting	 multiple	 sensitivity	 analyses,	 “using	 multiple	 designs	 (e.g.	
cohort/case	 ‐control	 vs	 case‐only)”	 exposure	 and	 outcome	 definition,	 and	
confounding	 adjustment	 27.	 The	 harmonisation	 of	 methods	 with	 a	 single	 study	
design	is	not	sufficient	to	avoid	“consistently	measuring	incorrect	estimates”	27.	
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 Lessons	learned	from	the	US	Experiences:	OMOP		b)
The	 Observational	 Medical	 Outcomes	 Partnership	 (OMOP)	 was	 a	 public‐private	
partnership	dedicated	to	the	 investigation	of	“the	appropriate	use	of	observational	
healthcare	 databases	 for	 studying	 the	 effects	 of	medical	 products”.	 A	 specific	 aim	
was	to	“conduct	methodological	research	to	empirically	evaluate	the	performance	of	
various	 analytical	methods	 on	 their	 ability	 to	 identify	 true	 associations	 and	 avoid	
false	findings”	(http://omop.org/	).	The	majority	of	the	results	from	this	systematic	
assessment	 were	 expected,	 nevertheless	 “a	 disturbingly	 large	 number	 did	 not	
replicate	 the	 anticipated	 ground	 truths”28.	 The	 findings	 of	 OMOP	 highlighted	 a	
certain	“fragility	of	standard	approaches”	applied	for	studying	safety	issues	through	
healthcare	databases.	
The	 main	 points	 related	 to	 inconsistencies	 or	 unexpected	 variability	 across	 data	
sources,	study	design	and	analytic	approaches.	Some	well‐known	associations	could	
not	 be	 detected	 (benzodiazepines	 and	 hip	 fractures	 in	 a	 self‐controlled	 design),	
while	 some	 expected	 harmful	 associations	were	 unexpectedly	 protective	 (tricyclic	
antidepressants	 and	 acute	 myocardial	 infarction).	 Conversely,	 some	 drug‐events	
pairs	 considered	 as	 negative	 were	 found	 as	 strongly	 associated,	 like	 typical	
antipsychotics	and	upper	gastrointestinal	bleeding.	
Madigan	et	al.	 29	have	systematically	examined	 the	 impact	of	 the	study	design	and	
analytical	choices	on	risk	estimates	for	53	drug/event	pairs,	using	the	percentile	of	
the	 distribution	 of	 the	 relative	 impact	 on	 the	 estimated	 risk	 as	 an	 indicator.	 For	
cohort	 studies,	 the	 parameters	 included	 the	 risk	 window,	 covariate	 eligibility	
window,	 analysis	 strategy	 and	 covariates	 included	 in	 the	 propensity	 score.	
Modifying	 the	 risk	 window	 has	 the	 greatest	 impact,	 with	 50	 %	 of	 the	 analyses	
(corresponding	to	the	50%	percentile)	giving	a	risk	estimate	modified	by	1.36	factor,	
and	even	by	2.24	in	10	%	of	the	cases	(90%	percentile	of	the	distribution).		
In	addition,	 faced	with	an	heterogeneity	 in	 the	 results	 at	 the	end	of	 the	 study,	 the	
role	of	the	database	should	be	questioned	30.	This	issue	is	a	highly	current	concern,	
as	 illustrated	 by	 its	 citation	 in	 the	 IMEDS	 research	 program.	 The	 Innovation	 in	
Medical	 Evidence	 Development	 and	 Surveillance	 (IMEDS)	 program	 is	 intended	 to	
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extent	the	findings	of	the	OMOP	program,	and	includes	some	objectives	in	relation	
with	the	data	sources	and	implications	of	heterogeneity	28.	
Other	demonstrations	of	the	impact	of	methodological	choices	on	study	results	have	
been	 published.	 Revera	 et	 al.	 for	 instance	 examined	 the	 association	 between	
psychotropic	drug	exposure	and	motor	vehicle	accidents	using	two	different	designs	
(case–crossover	 and	 case–time–control	 compared	 to	 case–control	 study)	 31.	
However,	 the	 PROTECT	 and	OMOP	 experiences	 are	 very	 illustrative	 in	 relation	 to	
their	systematic	approach	for	testing	combinations	of	design	choices.		
	
3. Variability	of	risk	estimates:	drug	exposure	measurement	
and	risk	window	might	be	crucial	
As	presented	above,	factors	affecting	risk	estimates	comprise	study	design,	database	
and	 population	 covered,	 exposure	 and	 outcome	 definition	measurement,	 but	 also	
methods	for	dealing	with	confounding	27.	Among	these	factors,	 the	methodology	of	
drug	exposure	measurement	and	the	risk	window	might	play	a	major	role.		
The	influence	of	drug	exposure	measurement	has	been	less	explored	than	the	impact	
of	the	study	design.	The	following	studies	provided	examples	of	such	influence.	In	a	
study	 on	 antidepressants,	 Gardarsdottir	 et	 al.	 have	 highlighted	 the	 impact	 of	 the	
methods	for	measuring	depression	relapse/recurrence,	using	conventional	methods	
or	after	deriving	treatment	episodes	32.	The	risk	ratio	was	1.58	(95%	CI,	1.02	‐	2.45)	
using	the	fixed	exposure,	and	0.77	(95%	CI,	0.49	‐	1.21)	using	the	second	method.	In	
an	effectiveness	study	comparing	two	methods	for	analysing	exposure	to	statins	33,	
the	 time‐dependent	 exposure	 definition	 was	 found	 to	 be	 “more	 accurate”,	 in	 the	
sense	that	estimates	were	more	consistent	with	those	from	randomized	controlled	
trials.	
There	 is	 no	 straightforward	method	 for	 choosing	 one	 strategy	 for	modelling	 drug	
exposure	and	controlling	this	problem.	Performing	sensitivity	analyses	appears	as	a	
minimal	 requirement,	 but	 further	 methodological	 investigations	 are	 needed	 to	
assess	the	impact	of	different	choices	in	the	results	produced.		
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4. Modelling	drug	use:	data	management	also	matters		
High	impact	affairs	in	the	field	of	biomedical	research	have	also	raised	awareness	on	
the	need	for	making	biomedical	research	more	reproducible.	The	journal	Nature	has	
published	a	special	issue	on	“Challenges	in	irreproducible	research”34.	This	concern	
of	 reproducibility	 has	 been	 recently	 discussed	 by	 Afonso	 et	 al.	 35	 through	 a	
comparison	of	findings	on	inhaled	long‐acting	beta‐2‐agonists	and	the	risk	of	acute	
myocardial	infarction	in	European	primary	care	databases	and	a	replication	in	a	US	
claims	database.	
The	 different	 international	 initiatives	 in	 pharmacoepidemiology	 have	 developed	
standard	 procedures	 for	 data	 collection,	 data	 management	 and	 analysis.	 In	 the	
OMOP	project,	this	took	the	form	of	a	common	data	model.	The	Mini‐Sentinel	project	
was	another	example	of	a	large	consortium	aiming	to	facilitate	the	use	of	routinely	
collected	electronic	healthcare	data	for	safety	surveillance.	In	the	framework	of	the	
elaboration	of	a	common	data	model,	they	have	also	released	a	series	of	computing	
codes	for	data	formatting	and	analysis.	A	recent	paper	has	compared	the	strategies	
for	data	management	 in	 four	 consortiums	using	 secondary	data	 sources,	 including	
OMOP	and	Mini‐Sentinel36.	In	the	same	way,	the	library	of	statistical	codes	have	been	
planned	27	as	a	further	development	of	PROTECT	projects.		
The	problem	of	drug	exposure	modelling	should	not	be	 limited	 to	the	choice	of	an	
appropriate	 statistical	 model.	 Even	 though	 it	 should	 not	 be	 a	 data	 management	
problem	 (i.e.	 technical),	 data	 handling	 could	 be	 subjected	 to	 numerous	 sources	 of	
errors	or	deviations.	Even	a	detailed	protocol	may	be	insufficient	to	account	for	all	
cases	encountered.	In	addition	the	methodological	and	statistical	developments,	the	
importance	of	helping	 researchers	 to	 implement	 the	proposed	 strategies	 and	 then	
providing	 standard	 methodology	 and	 detailed	 principles	 of	 computing	 should	 be	
highlighted.	This	also	involves	better	reporting	of	the	methodology	used.		
The	 problem	 of	 data	 handling	 is	 closely	 related	 to	 the	 reproducibility	 issue.	 In	 a	
report	 published	 in	 2016,	 the	 Academy	 of	 Medical	 Sciences	 has	 proposed	 7	
strategies	 to	 overcome	 the	 reproducibility	 problem	 37.	 These	 strategies	 include	 in	
particular	 automation	 and	 open	 methods.	 Automation	 is	 defined	 as	 “finding	
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technological	ways	of	standardising	practices,	thereby	reducing	the	opportunity	for	
human	error”.		
5. Place	 of	 scientific	 rationale	 in	 methodological	 choices:	 a	
need	for	etiologically‐compatible	modelling	
Faced	to	unexpected	findings	at	the	end	of	the	project,	OMOP	investigators	carefully	
investigated	erroneous	findings	considered	as	“false	positive”	(benzodiazepines	and	
acute	renal	failure	and	upper	gastrointestinal	bleeding).	Some	of	these	findings	were	
generated	 by	 the	 permutation	 of	 design	 choices,	 which	 was	 the	 basis	 of	 the	
approach.	 They	 finally	 concluded	 that	 “one	 cause	 of	 reproducible	 “error”	 may	 be	
repeated	 failure	 to	 tie	 design	 choices	 closely	 enough	 to	 the	 research	 question	 at	
hand“	 and	stated	 that	 it	 “is	 likely	 that	 all	 surveillance	programs	will	 need	 tailored	
designs	that	reflect	pharmacologic	and	clinical	knowledge”38.	
These	 projects	 have	 then	 highlighted	 the	 need	 for	 an	 etiologically‐compatible	
modelling,	 and	 the	 place	 of	 pharmacological	 rationale	 in	 the	 choice	 of	 essential	
parameters	 (risk	 window).	 As	 developed	 by	 Lee	 et	 al.	 39,	 drug	 exposure	
measurement	 should	 not	 be	 considered	 apart	 from	 the	 outcome	 of	 interest,	 a	
“conceptual	framework”	of	the	link	between	drug	exposure	and	the	event	of	interest	
should	guide	the	choice	of	exposure	modelling.	Further	developments	are	needed	to	
integrate	 more	 systematically	 and	 closely	 the	 pharmacological	 rationale	 into	 the	
methodological	design.		
B. Handling	drug	exposure:	
background	and	common	strategies	
Pharmacoepidemiology	 is	 concerned	 with	 the	 detection	 or	 confirmation	 of	
relationships	between	drug	exposure	and	the	health	benefits	and/or	harms	of	these	
medications.	 Central	 to	 these	 studies	 is	 the	 measure	 of	 drug	 exposure.	 However,	
drug	 exposure	 across	 time	 can	 be	 measured	 in	 many	 different	 ways,	 and	 the	
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methods	used	can	greatly	affect	the	observed	association	between	the	drug	and	the	
outcome	of	interest.	
1. Definition	of	drug	exposure	
Drug	exposure	is	intended	to	refer	to	real	patient’s	intake	of	a	given	drug,	which	is	
often	complex	and	discontinuous.	Definitions	are	varying	according	to	the	discipline.	
From	a	pharmacological	point	of	view,	drug	exposure	is	often	estimated	using	area	
under	 the	 curve	 (AUC)	 methods.	 When	 plasmatic	 levels	 are	 not	 available,	 drug	
exposure	 could	 be	 approached	 using	 pharmacokinetic	 models.	 These	 models	
represent	the	level	of	drug	exposure	over	time.	Medication	assays	provide	estimates	
that	could	be	considered	as	 the	most	closely	related	to	the	actual	drug	exposure39.	
However,	drug	monitoring	is	not	feasible	at	a	large	scale,	and	prone	to	be	impacted	
by	desirability	bias.	
In	 pharmacoepidemiology,	 possible	 sources	 for	 assessing	 drug	 exposure	 include	
prospective	 surveys,	 prescribing	 and	 dispensing/claim	 data.	 When	 working	 on	
electronic	 healthcare	databases,	 assumptions	 have	 to	 be	made	on	 actual	 exposure	
status.	 Even	 if	 dispensing	data	 are	 given	on	 a	daily	 basis,	 treatment	durations	 are	
often	 not	 recorded	 and	 have	 to	 be	 derived	 from	 quantity	 dispensed	 using	
pharmacoepidemiological	 methods	 for	 building	 treatment	 episodes	 40–42.	
Ascertainment	of	periods	of	exposure	 is	prone	 to	be	subject	 to	measurement	bias.	
Moreover,	 it	 should	 be	 remembered	 that	 claims	 data	 refer	 only	 to	 the	 amount	
dispensed	 and	 reimbursed,	 and	 that	 real	 patient	 intake	 always	 remains	 unknown	
(which	 is	 also	 the	 case	 with	 all	 other	 databases,	 based	 on	 prescription	 or	
reimbursement	data).	
The	source	of	uncertainty	concerning	drug	exposure	are	in	relation	with	the	start	of	
actual	 treatment,	 level	and	duration	of	exposure,	and	end	of	actual	 treatment	(last	
drug	intake).	Uncertainty	 is	also	in	relation	with	the	pharmacological	properties	of	
the	drugs:	up	to	what	duration	after	the	last	patient’s	intake	should	we	consider	that	
there	is	no	residual	effect	(end	of	the	risk	period).	
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2. Choice	of	an	index	date	
 Identifying	new	users		a)
The	 new‐user	 design	 has	 been	 developed	 in	 order	 to	 control	 for	 the	 confounding	
that	may	arise	as	a	result	of	patients	past	exposures,	in	particular	survivorship	from	
past	 exposures43.	 The	new‐user	design	 avoids	 the	 adjustment	 on	variable	 that	 are	
intermediate	in	the	causal	chain	(collider	bias).	The	interest	of	new	users	design	has	
been	 described	 for	 risk‐based	 or	 comparative	 effectiveness	 research	 ,	 but	 also	 for	
adherence	studies44.		
One	 of	 the	 main	 difficulties	 of	 applying	 the	 new‐user	 design	 using	 healthcare	
databases	is	the	risk	of	misclassifying	patients	by	adopting	a	too	short	time	window	
to	exclude	all	prevalent	users.	There	 is	no	general	 rule	 for	 this	observation	period	
and	 this	 choice	 is	 highly	 dependent	 of	 the	 type	 of	 drugs	 and	 context	 of	
administration,	but	duration	of	6	or	12	months	are	generally	encountered.	However,	
as	demonstrated	by	Riis	et	al.	 for	asthma	medications,	severe	misclassification	can	
be	 even	 encountered	 in	 periods	 as	 long	 as	 2	 years	 45.	 Blanch	 et	 al.	 have	 recently	
tested	 10	 different	 observation	 periods	 for	 selecting	 new‐users	 of	 antipsychotics	
and	 opioid	 analgesics,	 together	 with	 the	 corresponding	 relative	 misclassification,	
and	also	found	a	non‐negligible	impact	46.	
In	 order	 to	 adapt	 this	 choice	 to	 the	 dataset	 studied,	Hallas	 et	 al.	 have	 proposed	 a	
graphical	method,	the	waiting	time	distribution,	for	making	a	more	relevant	choice	
of	the	period	of	observation	based	on	observed	first	date	of	prescriptions	47.	
3. Quantifying	dose	received	
The	Anatomical	Therapeutic	Chemical	(ATC)	classification	system	is	routinely	used	
for	 drug	 utilization	 studies	 or	 other	 pharmacoepidemiology	 studies	 requiring	 an	
assessment	 of	 overall	 doses	 received.	A	Defined	Daily	Dose	 (DDD)	 is	 the	 assumed	
average	maintenance	dose	per	day	for	a	drug	used	for	its	main	indication	in	adults	
48.		
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4. Building	treatment	episodes	within	claims	databases	
Several	articles	have	detailed	the	methodology	for	building	treatment	episodes	(also	
called	 “cycles”)	 40–42	 and	 the	 methods	 are	 varying	 across	 studies.	 In	 general,	 the	
minimal	 requirement	 for	 building	 treatment	 episodes	 should	 include	 date	 of	
prescription	 or	 dispensing,	 and	 quantity	 dispensed	 or	 end	 of	 treatment.	 To	 build	
treatment	episodes,	interruptions	have	also	to	be	defined.		
 Treatment	 discontinuation:	 how	 to	 define	 gap	 in	a)
drug	exposure	
Defining	 treatment	 discontinuation	 (“gap”)	 is	 a	 crucial	 issue,	 as	 it	 has	 been	
demonstrated	to	have	an	impact	on	risk	estimates	49.	The	question	is:	when	should	
we	 consider	 that	 the	 patient	 has	 no	 more	 drug	 available	 and	 is	 likely	 to	 have	
interrupted	 his	 treatment.	 Strict	 definitions	 (30	 days	 for	 a	 30‐day	 treatment	
dispensed)	 are	 obviously	 not	 adapted.	 The	 conventional	 approach	 is	 to	 allow	 a	
maximum	 duration	 (called	 grace	 period)	 for	 refill	 between	 two	 consecutive	
dispensing	 or	 after	 the	 estimated	 end	 of	 treatment	 before	 considering	 that	 the	
patient	has	actually	stopped	his	treatment.	With	this	approach,	any	additional	refill	
after	this	period	would	then	be	considered	as	the	start	of	a	new	treatment	episode.	
Defining	this	grace	period	should	reflect	the	reality	of	practice.		
 Determination	 of	 accumulated	 dose	 and	b)
accumulated	duration	
As	 previously	 stated,	 the	 real	 duration	 of	 a	 treatment	 estimated	 through	 claims	
databases	is	in	general	unknown.	The	maximal	duration	for	a	single	prescription	in	
France	 is	 30	 days.	 Even	 in	 the	 case	 of	 renewable	 prescription,	 the	 quantity	
dispensed	is	for	one	month.	To	continue	their	treatment,	patients	have	to	return	to	a	
pharmacy	to	be	dispended	the	quantity	for	the	next	30	days.	The	date	of	dispensing,	
identification	of	the	drug	package	and	quantity	dispensed	(number	of	packs)	is	then	
automatically	 recorded	and	 transmitted	 to	health	 insurance	 information	system	to	
enable	reimbursement.	As	discussed	in	the	previous	paragraph,	if	the	next	record	for	
the	 same	 substance	 exceeds	 a	 fixed	 number	 of	 days,	 the	 treatment	 is	 considered	
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interrupted.	Sensitivity	analyses	could	be	realized	with	different	fixed	duration.	The	
doses	 are	 derived	 from	 the	 package	 codes	 indicating	 package	 dose	 and	 size,	 and	
from	 the	 variable	 indicating	 the	 number	 of	 individual	 product	 packs	 dispended.	
Typical	structure	of	data	sources	is	provided	Table	1.		
Table	1.	Typical	structure	of	data	sources	
Patient	Id	 Event	date	 Drug	
Package	
Code	
Item	per	
pack	
Dosage	of	
the	item	
Quantity	
Dispensed	
1	 01AUG2016	 XYZ1	 28	 25	 1	
1	 02SEP2016	 XYZ1	 28	 25	 1	
	
The	formula	for	computing	the	dose	received	on	the	basis	of	information	provided	is	
given	below.		
Dose	receivedሺDDDሻ ൌ strengh	ሺmgሻ ∗ number	of	units ∗ number	of	packs	dispendedDDD	for	the	active	subtance	ሺmgሻ 		
	
5. Biases	affecting	longitudinal	drug	exposure	measurement	
In	 addition	 to	 sources	 of	 uncertainty	 concerning	 start	 and	 end	 of	 treatment,	 drug	
exposure	measurement	is	likely	to	be	affected	by	a	wide	range	of	biases.	In	most	of	
the	cases,	exposed	patients	may	be	misclassified	as	unexposed	(or	conversely)	or	the	
level	 of	 exposure	 could	 be	 underestimated	 due	 to	 incomplete	 data	 capture	
(measurement	bias).	Misclassification	bias	may	be	bidirectional,	and	differential	or	
not	 among	 those	with	 or	without	 the	 event	 of	 interest	 50.	 Epidemiological	 studies	
have	 investigated	 the	 impact	of	exposure	misclassification	on	risk	estimates,	using	
cohort	or	case‐control	design	51,	and	in	studies	using	multiple	levels	of	exposure	52,53.	
A	more	general	framework	on	quantitative	bias	assessment	was	offered	by	Lash	et	
al54.		
Immeasurable	 time	bias	 is	one	example	of	misclassification	bias,	 in	which	exposed	
patients	 are	 misclassified	 as	 unexposed	 due	 to	 unavailability	 of	 exposure	 data	
during	specific	periods	(hospitalisations	in	general).	 Indeed,	drugs	administered	to	
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hospitalized	patients	are	not	available	within	almost	all	health	insurance	databases,	
such	 as	 in	Medicaid/Medicare	 in	 the	 US	 or	 in	medical	 claims	 database	 of	 Quebec	
(RAMQ).	 This	 issue	 also	 affects	 clinical	 databases	 such	 as	 the	 CPRD	 in	 UK	 55–57.	
During	 hospitalization,	 the	 patients’	 status	 for	 drug	 exposure	 could	 not	 be	
ascertained,	 leading	 to	 an	 unobservable	 or	 immeasurable	 exposure	 time	 bias	 in	
which	patients	are	misclassified	as	unexposed	56.	The	potential	impact	of	this	issue	
has	been	 illustrated	 for	safety	 56,	effectiveness	studies	55,	and	 for	studies	assessing	
drug	compliance	and	persistence	58.	However,	these	immeasurable	periods	are	very	
rarely	taken	into	account	in	pharmacoepidemiology	studies.	In	a	systematic	review	
investigating	the	impact	of	compliance	to	osteoporosis	pharmacotherapy	on	fracture	
risk	59,	the	majority	of	studies	did	not	acknowledge	this	bias	or	explicitly	ignored	it	
when	studying	compliance	to	medication	regimens.		
6. Modelling	drug	exposure	in	association	studies	
Standard	 strategies	 for	 modelling	 drug	 exposure	 include	 (i)	 fixed	 exposure	 (ii)	
current	use	(time	dependent	binary	variable),	(iii)	accumulated	use	(time	or	dose),	
(iv)	 past,	 current	 and	 no	 use,	 and	 (v)	 more	 complex	 models	 derived	 from	 these	
approaches.		
Considering	 fixed	groups	of	exposure	has	been	common	practice	 for	years.	Groups	
were	 allocated	 on	 the	 basis	 of	 the	 first	 exposure	 encountered.	 The	 patients	 were	
analysed	as	exposed	whatever	the	duration	of	use	(intention	to	treat	approach).	This	
approach	presented	the	major	inconvenient	of	omitting	the	changing	nature	of	drug	
exposure,	 and	 could	 lead	 to	 serious	 time	 misclassification	 bias	 1.	 Then,	 several	
studies	 have	 then	 integrated	 exposure	 as	 a	 time‐dependent	 variable	 6050.	 One	
important	 requirement	 for	 this	 approach	 is	 to	 derive	 drug	 episodes	 (or	 cycles),	
defined	by	periods	of	uninterrupted	use,	as	described	in	the	previous	chapters	(page	
35).		
To	 study	 a	 drug/outcome	 association	 of	 interest,	 one	 could	 also	 choose	 to	model	
accumulated	doses	(accumulated	quantity	received	since	index	date	or	other	custom	
period).	 In	 the	 models	 using	 cumulative	 doses,	 the	 quantity	 dispensed	 from	 the	
index	date	 is	added,	and	entered	 in	the	model	as	a	continuous	or	class	variable.	 In	
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case	of	a	rational	 for	both	current	and	accumulated	effect,	drug	exposure	could	be	
modelled	as	“past,	current	and	no	use”61.	
More	 flexible	 models	 have	 been	 proposed	 for	 modelling	 cumulative	 dose	 and	
exposure	 duration	 62–64.	 The	main	motivation	was	 that	 all	 the	methods	 commonly	
used	are	relying	on	strong	assumptions:	all	past	doses	have	the	same	impact	for	the	
cumulative	dose	model,	even	if	they	have	been	administered	some	weeks	or	months	
ago.	 In	 the	 same	 way,	 the	 current	 dose	 model	 involves	 that	 doses	 previously	
received	 do	 not	 have	 any	 impact.	 The	 authors	 introduced	 the	 concept	 of	 a	 more	
general	model,	the	Weighted	Cumulative	Exposure	(WCE),	 in	which	the	cumulative	
effect	is	modelled	as	a	weighted	sum	of	all	past	doses”62–64.	This	model	was	applied	
to	 study	 the	 association	 between	 flurazepam	 use	 and	 fall‐related	 injuries	 in	 the	
elderly64.	
In	 addition	 to	 these	models,	 other	 approaches	 could	 be	 of	 potential	 interest,	 like	
multistate/Markov	 models.	 Multistate	 models	 are	 not	 widely	 used	 in	
pharmacoepidemiology,	 but	 previous	 experiences	 have	 shown	 their	 interest	 in	
describing	drug	use	65,66	and	modelling	persistence	67	or	regimen	changes	68.	Markov	
models	provide	an	interesting	alternative	for	studying	drug‐event	associations	and	
the	 impact	 of	 medical	 conditions,	 and	 add	 flexibility	 in	 drug	 exposure	 modelling	
while	reflecting	real‐life	and	dynamic	trajectories.		
C. Reflecting	the	diversity	and	
complexity	of	real‐life	patterns:	from	
groups	to	trajectories	
1. Lack	 of	 research	 in	 specific	 contexts	 of	 complex	 drug	
exposure	
As	the	complexity	of	exposure	patterns	increases,	groups	of	ever	users	are	no	more	
relevant	 for	 studying	 drug	 effects,	 in	 particular	 in	 cases	 of	 multiple,	 potentially	
interacting,	and	concomitant	exposures.		
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One	of	 the	most	speaking	examples	 is	 the	area	of	oncology.	Oncology	 is	one	of	 the	
areas	 of	 research	 that	would	 benefit	 from	 additional	methods	 taking	 into	 account	
the	complex	nature	of	drug	exposure.	Indeed,	there	is	a	need	to	develop	models	to	
study	 drug	 exposure	 in	 such	 populations	 of	 highly	 treated	 patients,	 prone	 to	 be	
exposed	 to	 multiple	 treatment	 sequences,	 with	 cumulative	 or	 delayed	 effect	 and	
different	prognosis	values.	
Given	 the	 focus	 on	 health	 insurance	 databases	 through	 this	 thesis,	 data	 sources	
collecting	explicit	combinations	of	regimens	(clinical	data	source,	registries)	should	
be	discriminated	from	those	collecting	drugs	on	a	patients‐day	basis,	without	linking	
a	specific	drug	to	a	particular	regimen.		
Studies	 on	 cancer	 drugs	 in	 pharmacoepidemiology	 are	 still	 scarce.	 Most	 of	 the	
studies	on	SEER	(Surveillance,	Epidemiology,	and	End	Results	Program)	databases	
were	conducted	on	first‐line	patients	only,	and	were	mainly	focused	on	a	single	drug	
or	 on	 the	 description	 of	 patients'	 trajectories	 through	 sequences	 of	 treatment	
(surgery,	 chemotherapy,	 radiotherapy,	 etc.),	 without	 determining	 the	 nature	 and	
history	of	treatment	lines	received	69,70.		
Indeed,	cancer	patients	are	generally	exposed	to	several	treatment	lines,	composed	
of	 one	 or	more	 drugs.	 It	 is	 therefore	 essential	 to	 take	 into	 account	 the	 particular	
characteristics	 of	 drug	 exposure	 in	 oncology,	 and	 to	 move	 from	 a	 ‘single	 drug’	
approach	 toward	 a	 ‘multidrug,	 multiline’	 perspective	 when	 modelling	 drug	
exposure.	 The	 complexity	 of	 treatment	 patterns	 for	 cancer	 is	 growing	 and	 the	
number	of	possible	regimens	increases	accordingly.	In	the	context	of	observational	
studies,	 it	 has	 become	 more	 and	 more	 difficult	 to	 consider	 past	 lines	 and	 the	
duration	of	previous	lines	when	comparing	multidrug	regimens	71”.	Studies	treating	
this	particular	aspect	are	very	rare72.	
In	 case	 of	 treatment	 changes	 over	 time	 (chemotherapy),	 the	 problem	 drug	
classification	 or	 quantification	 may	 become	 a	 problem	 of	 finding	 patients	
trajectories.	 Modelling	 such	 trajectories	 has	 already	 been	 implemented	 as	
aggregated	models.	An	example	is	provided	by	the	studies	on	breast	cancer	patients	
trajectories	France	73,74.	However,	the	description	needs	to	be	more	detailed	in	order	
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to	be	 relevant	 for	pharmacoepidemiology.	The	problem	of	multiline	 therapy	 is	not	
limited	to	the	cancer	area:	the	same	problem	arises	for	HIV	therapy	for	instance.	
2. Patients	drug	history:	the	question	of	delayed	effects	
More	 complex	ways	 of	 handling	 exposure	 are	 of	 particular	 interest	 in	 the	 area	 of	
long‐term	 effects.	 For	 instance,	 the	 relation	 between	 proton	 pump	 inhibitors	 and	
fracture	should	be	investigated	at	long	term,	from	5	to	7	years75,76.	This	requires	an	
exhaustive	 assessment	 of	 patient	 exposure.	 In	 the	 same	 way,	 the	 question	 of	
secondary	 malignancies	 after	 lenalidomide	 exposure	 in	 multiple	 myeloma	 77,78	
highlights	 the	 complexity	 of	 such	 questions	 (i)	 lenalidomide	 is	 administered	 in	 a	
condition	 which	 is	 a	 risk	 factor	 for	 developing	 some	 additional	 haematological	
malignancies,	(ii)	it	could	be	co‐administered	with	other	drugs	increasing	the	risk	of	
malignancies,	and	(iii)	composition	of	past	lines	and	duration	of	previous	lines	must	
be	taken	into	account.	
3. Common	indicators	of	exposure	over	time	and	limitations	
Indicators	of	exposure	over	time	could	fall	into	two	main	categories,	corresponding	
to	different	objectives.	In	the	area	of	patient’s	adherence,	the	objective	is	to	enhance	
the	 lack	 of	 exposure	 in	 comparison	 to	 a	 reference	 (expressed	 in	 dose	 received,	
number	 of	 days).	 Several	 indicators	 have	 been	 defined,	 like	 persistence,	 or	 the	
proportion	of	 days	 covered	 (PDC).	 These	 indicators	were	 also	 adapted	 for	 several	
concomitant	drugs.		
In	other	contexts,	conventional	indicators	are	used,	like	duration	of	use,	number	of	
treatment	episodes	or	mean	dose.	 In	 the	context	of	analysis	of	 large	datasets,	 it	 is,	
however,	 difficult	 to	 account	 for	 complex	 treatment	 schemes	 or	 discontinuous	
exposure	 using	 these	 conventional	 indicators,	 and	 further	 methods	 or	 reporting	
methods	would	be	of	interest.	
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4. Taking	account	of	concomitant	drugs	
Two	different	situations	could	be	encountered	when	attempting	to	take	into	account	
of	concomitant	drugs.	In	some	specific	cases,	drugs	taken	concomitantly	belong	to	a	
recommended	 scheme,	 and	 are	 included	 in	 a	 broad	 therapy	 strategy.	 In	 these	
particular	cases,	and	at	 least	for	describing	drug	exposure,	 it	may	be	interesting	to	
describe	concomitant	drugs	in	a	form	that	reflects	current	practice.		
The	second	situation	occurs	when	drugs	taken	concomitantly	have	an	impact	on	the	
outcome.	Both	of	these	situations	could	overlap	in	some	cases.	In	general,	strategies	
for	 managing	 drug	 taken	 concomitantly	 include	 (i)	 no	 particular	 strategy	 (ii)	
baseline	 use	 taken	 as	 a	 covariate,	 (iii)	 concurrent	 use	 taken	 as	 a	 time‐dependent	
variable	(iv)	those	with	concurrent	use	are	excluded	(risk	of	selection	bias).	
The	 impact	of	 timing	of	concomitant	drug	use	 in	pharmacoepidemiological	 studies	
has	been	recently	highlighted	79,	using	the	example	of	benzodiazepines	(concomitant	
exposure)	and	antidepressants	(exposure	of	interest).	This	study	revealed	the	very	
high	prevalence	of	concomitant	benzodiazepines	users,	but	also,	more	interestingly,	
the	impact	the	timing	of	start	and	duration	on	risk	estimates.	
The	situation	may	be	more	complicated	when	building	a	control	group	on	the	basis	
on	the	same	drugs	of	 interest.	When	such	an	active	control	 is	used,	 it	 is	 frequently	
selected	 among	 exclusive	 users	 (non‐users	 for	 the	 whole	 period	 of	 observation).	
However,	 it	 is	 important	 to	 avoid	 selection	 bias	 and	 to	 have	 the	 opportunity	 to	
observe	concomitant	patterns	for	the	same	patients,	as	in	real‐life.	
D. Potential	contributions	from	
other	fields	
When	 the	 complexity	 is	 too	 high,	 methods	 from	 areas	 outside	
pharmacoepidemiology	might	 be	 useful	 to	 explore	 longitudinal	 drug	 records,	 and	
help	finding	patterns	in	heterogeneous	data.	The	diffusion	of	graphic	tools	after	Mini	
Sentinel	 or	 OMOP	 projects	 are	 illustrative	 is	 this	 area.	 An	 interesting	 example	 is	
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provided	 by	 the	Mini	 Sentinel	 group,	 discussing	 briefly	 how	 “pictorial	models	 can	
help	 elucidate	 statistical	 models”80,	 proposing	 a	 set	 of	 visual	 types	 that	 could	 be	
produced	before	or	just	after	the	study	to	facilitate	the	choice	of	study	design	while	
verifying	 the	 underlying	 assumptions.	 In	 the	 same	 way,	 some	 visualizations	
developed	as	a	part	of	 the	OMOP	project	have	been	reported	 in	a	book	chapter	 81.	
None	of	 these	publications	was	based	on	a	pre‐planned	approach,	but	both	shared	
the	 visuals	 developed	 for	 supporting	 the	 discussions	 around	 the	 various	 projects.	
The	study	presented	with	the	discussion	on	concomitant	drugs	79	provided	another	
example	 in	 this	area.	 Indeed,	 the	authors	have	used	visualizations	 to	ascertain	 the	
distribution	of	the	durations	of	concomitant	use	of	benzodiazepines	according	to	the	
durations	of	antidepressants	treatment	episodes.		
The	 examples	 are	 not	 so	 numerous	 in	 the	 case	 of	 conventional	
pharmacoepidemiology	 studies,	 but	 illustrate	 how	 data	 visualization	 tools	 might	
help	 to	 gain	 insight	 into	 patterns	 of	 exposure	 and	 modelling	 in	
pharmacoepidemiology.	 Therefore,	 data	 visualization	 approaches	 are	 worth	
exploring	in	the	area	of	drug	exposure	measurement,	but	the	place	and	the	scientific	
framework	 for	using	 these	methods	must	 absolutely	be	 specified	 in	 the	 context	of	
hypothesis‐based	studies.		
E. French	Health	insurance	
databases	
1. Presentation	of	French	health	insurance	databases	
 SNIIRAM	a)
In	 France,	 most	 of	 the	 population	 is	 covered	 by	 3	 health	 insurance	 schemes:	 the	
main	 health	 insurance	 scheme	 (RG)	 for	 salaried	 workers	 (including	 also	 retired,	
unemployed	 and	 low‐beneficiaries	with	 universal	 healthcare	 coverage),	 the	 health	
insurance	 scheme	 for	 agricultural	 workers	 and	 farmers	 (MSA)	 and	 the	 health	
insurance	 scheme	 for	 self‐employed	 (RSI).	 These	 three	 healthcare	 schemes	 and	
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other	 supplementary	 health	 insurance	 schemes	 (government	 employees,	 public	
education…)	account	for	more	than	97.5%	of	the	French	population	82.	The	data	are	
collected	separately	for	each	scheme	and	gathered	in	a	national	database,	the	inter‐
scheme	 consumption	 data	 on	 ambulatory	 health	 expenditure	 (Données	 de	
consommation	Inter	Régimes,	DCIR).	Data	from	hospitalization	stays	(“Programme	de	
Médicalisation	des	Systèmes	d’Information”,	PMSI)	are	managed	within	a	single	case‐
mix	database	of	the	activity‐based	payment	system,	(“tarification	à	 l’activité”,	T2A).	
The	 system	was	 initiated	 for	medical,	 surgical	 and	 obstetrics	 care	 (PMSI	MCO)	 in	
1991.	 Separated	 systems	 were	 implemented	 for	 postoperative	 and	 rehabilitation	
(PMSI	SSR	 for	 “Soins	de	Suite	et	de	réadaptation”),	home	hospitalizations	 (HAD	 for	
“Hospitalisation	à	Domicile”),	 and	psychiatric	wards.	The	PMSI	 is	held	by	 the	ATIH	
(“Agence	 technique	 d’information	 sur	 l’hospitalisation”),	 and	 provides	 data	 on	 all	
claims	 paid	 by	 the	 national	 health	 insurance	 system	 (whatever	 the	 specific	 health	
insurance	scheme)	 to	public	and	private	hospitals.	The	data	are	kept	 for	10	years,	
plus	the	current	year.	The	PMSI	is	secondarily	linked	to	the	DCIR.	
The	SNIIRAM	(“Système	national	d’information	inter‐régime	de	l’assurance	maladie”)	
comprises	linked	ambulatory	and	hospital	data,	corresponding	to	data	from	national	
health	insurance	schemes	(DCIR)	and	hospital	data	(PMSI)	
2. The	 permanent	 beneficiaries	 sample	 (“échantillon	
généraliste	des	bénéficiaires”,	EGB)	
The	permanent	beneficiaries	sample	(“échantillon	généraliste	des	bénéficiaires”,	EGB)	
is	a	1/97th	representative	sample	of	 the	SNIIRAM,	comprising	more	 than	660,000	
French	beneficiaries,	planned	for	a	20‐year	duration	(from	2003	to	2023)83.		
The	 EGB	 includes	 longitudinal	 records	 of	 all	 reimbursed	 healthcare	 expenses,	
including	consultations	in	primary	and	secondary	care	settings,	dispensing	data	for	
all	 reimbursed	 medications	 (primary	 and	 secondary	 care)	 and	 diagnostic	 testing	
performed.	The	EGB	does	not	contain	medical	data	or	laboratory	results,	but	major	
chronic	 diseases	 can	 be	 identified	 using	 International	 Classification	 of	 Diseases	
(ICD)‐10	codes.	The	date	of	death	is	provided	indirectly	by	the	National	Institute	of	
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Statistics	and	Economic	Research	(INSEE).	The	cause	of	death	 is	not	recorded.	The	
EGB	contains	basic	demographic	data	(age,	gender,	area	of	residence)	but	does	not	
record	 lifestyle	 data.	 This	 database	 has	 been	 linked	 with	 another	 large‐scale	
information	 system	 containing	 data	 from	 hospital	 stays	 (PMSI),	 providing	 linked	
data	after	2005	and	onwards,	 including	entry	and	discharge	dates,	procedures	and	
diagnoses	according	to	ICD‐10.	The	EGB	has	been	used	for	pharmacoepidemiological	
research	23‐25.	
3. Strengthening	 the	 potential	 of	 French	 Health	 insurance	
databases	
The	 SNIIRAM	 offers	 a	 great	 potential	 for	 pharmacoepidemiological	 research	 in	
relation	 with	 its	 national	 coverage,	 linkage	 of	 ambulatory	 and	 hospital	 data,	 and	
complementary	data	on	demographics,	hospital	diagnosis	and	long‐term	conditions,	
and	is	increasingly	used	for	pharmacoepidemiological	research	57,83.	
In	 France,	 there	 is	 no	 working	 interface	 offering	 structured	 tools	 for	 using	 these	
data.	 However,	 some	 aspects	 are	 prone	 to	 change	 in	 relation	 to	 recent	 legislative	
changes	 84.	 With	 the	 creation	 of	 the	 «	 Système	 national	 des	 données	 de	 santé	 »	
(SNDS),	 INSERM	will	offer	a	wide	range	of	services	 for	researchers.	These	services	
have	to	be	specified,	but	may	include	methodological	support.		
French	databases	were	not	integrated	into	the	large	networks	discussed	in	the	first	
part	of	this	introduction,	but	an	ongoing	project	(ALCAPONE)	is	planning	to	“assess	
the	 suitability	 of	 the	 French	 nationwide	 healthcare	 insurance	 system	 database	
(SNIIRAM	and	EGB)	for	drug	safety	signal	generation	based	on	the	OMOP	reference	
set	and	methodologies,	and	the	case‐population	approach”	85.		
In	 addition,	 there	 is	 an	 initiative	 in	 relation	 with	 case	 findings	 algorithms	
(REDSIAM).	 The	 validation	 of	 hospital	 data	 use	 for	 cancer	 research	 has	 been	
addressed	 by	 the	 INCA	 (“Institut	 National	 Du	 Cancer”).	 The	 validation	 of	 the	
Charlson’s	 score	 86	 in	 these	 databases	 is	 a	 good	 example	 of	 validation	 studies	
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participating	to	improve	the	robustness	of	the	methods.	However,	to	the	best	of	our	
knowledge,	no	such	projects	are	ongoing	in	relation	with	drug	data.		
The	complexity	of	database	architecture,	methods	of	data	collection	and	release	has	
been	 identified	 as	 one	 of	 the	 obstacles	 to	 the	 development	 of	 research	 on	 these	
health	insurance	databases	in	the	Report	on	Governance	and	the	use	of	health	data	
87.	 The	 report	 from	 the	 French	 Courts	 of	 Auditors	 88	 has	 also	 pointed	 out	 several	
limitations	of	the	SNIIRAM,	including	the	lack	of	support	for	users.		
At	 the	 date	 of	 writing,	 there	 has	 been	 no	 detailed	 description	 of	 drug	 data	 or	
methodological	 guidance	 concerning	 studies	 on	 drug	 use	 within	 French	 health	
insurances	databases,	 in	spite	of	its	well‐recognized	complexity.	A	deep	knowledge	
of	 database	 content,	 origin	 and	 release	 is,	 however,	 crucial	 in	 order	 to	 avoid	 bias	
when	designing	pharmacoepidemiological	studies	using	the	French	health	insurance	
databases.		
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F. Summary	
 The	multinational	context	of	pharmacoepidemiology,	and	the	resulting	increased	
number	 of	multi‐source	 studies	 have	 also	 generated	 concerns	 in	 relation	with	
conflicting	results,	spurious	associations,	and	with	the	impact	of	methodological	
choices	on	study	results.	
 Increasing	 the	 confidence	 of	 stakeholders	 in	 the	 conclusions	 derived	 from	
observational	 studies	 is	 crucial,	 and	 is	 closely	 related	 to	 the	 robustness	 of	 the	
evidence	produced.	
 Drug	exposure	measurement	and	risk	window	might	be	crucial	
 The	problem	of	drug	exposure	modelling	should	not	be	 limited	to	the	choice	of	
an	appropriate	statistical	model.	Technical	aspects	of	the	data	management	and	
analysis	could	also	introduce	heterogeneity.	
 Some	 of	 the	 false	 associations	 retrieved	might	 be	 explained	 by	 failure	 to	 take	
account	of	the	pharmacologic	or	clinical	rationale.		
 As	the	complexity	of	exposure	patterns	increases,	groups	based	on	ever	use	are	
no	more	relevant	for	studying	drug	effects.		
 In	 case	 of	 treatment	 changes	 over	 time	 (chemotherapy),	 the	 problem	 of	 drug	
classification	 may	 become	 a	 problem	 of	 finding	 patients	 trajectories.	 It	 is	
however	 difficult	 to	 account	 for	 complex	 treatment	 schemes	 or	 discontinuous	
exposure	using	conventional	descriptive	statistics.	
 The	 French	 health	 insurance	 database	 (SNIIRAM)	 offers	 a	 great	 potential	 for	
pharmacoepidemiological	research	in	relation	with	its	national	coverage,	linkage	
of	 ambulatory	 and	 hospital	 data.	 This	 potential	 is	 far	 from	 being	 exploited,	 in	
relation	to	technical	constraints	due	to	the	complexity	of	the	data.	
 Methodological	 development	 are	 needed	 to	 improve	 pharmacoepidemiological	
studies	 in	 French	 medico‐administrative	 databases,	 in	 particular	 in	 specific	
contexts	involving	multiple	and	concomitant	drug	exposures.	
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II. Research	hypotheses	and	thesis	statement	
	
Résumé	2.	Hypothèses	de	recherche	
	
The	 way	 drug	 exposure	 is	 taken	 into	 account	 has	 potentially	 a	 great	 impact	 on	
estimates	 and	 conclusion	which	would	be	disseminated.	Measuring	 its	 impact	 and	
developing	 a	 methodological	 framework	 to	 overcome	 this	 issue	 and	 facilitate	 its	
management	within	pharmacoepidemiological	studies	is	pivotal	to	this	process.	The	
propositions	for	a	framework	of	drug	exposure	measurement	in	French	in	medico‐
administrative	 databases,	 focused	 on	 complex	 exposures,	 could	 contribute	 to	
improve	 measurement	 of	 drug	 exposure	 in	 the	 specific	 context	 of	 discontinuous,	
concomitant	exposure	or	in	presence	of	immeasurable	periods.		
	
	 	
SUMMARY	IN	FRENCH	
La	façon	dont	l'exposition	au	médicament	est	prise	en	compte	a	potentiellement	un	
impact	 fort	 sur	 les	 résultats	 obtenus	 et	 donc	 sur	 les	 conclusions	 scientifiques	
diffusées.	 En	 mesurant	 cet	 impact	 et	 en	 travaillant	 à	 l’élaboration	 d'un	 cadre	
méthodologique	 permettant	 d’envisager	 ce	 problème	 de	 façon	 plus	 structurée,	 en	
particulier	 dans	 le	 cas	 d’expositions	 complexes,	 ces	 travaux	 pourraient	 ainsi	
contribuer	à	améliorer	 la	robustesse	de	 la	mesure	de	 l’exposition	médicamenteuse	
dans	les	bases	de	données	en	santé.		
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III. Research	questions		
	
Résumé	3.	Questions	de	recherche	
SUMMARY	IN	FRENCH	
	
a)	Comment	une	meilleure	connaissance	a	priori	des	sources	de	données	et	de	leur	
origine	 contribue	 à	 réduire	 les	 biais	 potentiels	 dans	 le	 cadre	 de	 la	 mesure	 de	
l'exposition	au	médicament	?	
	
b)	 Comment	 positionner	 les	 comparaisons	 intergroupes	 classiques	 face	 à	 des	
méthodes	 intégrant	 l’exposition	 dépendante	 du	 temps	?	 Ces	 différentes	 méthodes	
aboutissent‐elles	 à	 des	 résultats	 comparables	?	 Comment	 interpréter	d’éventuelles	
différences	?	
	
c)	Comment	faire	face	aux	ruptures	dans	la	disponibilité	de	données	longitudinales	?	
Quel	 est	 l’impact	 du	 biais	 lié	 à	 ces	 périodes	 inobservables	 dans	 les	 études	
pharmacoépidémiologiques	?	
	
d)	 Comment	 identifier	 les	 schémas	 de	 traitement	 de	 chimiothérapie	 ou	 des	
combinaisons	médicamenteuses	d’intérêt	à	partir	de	données	de	délivrance	?	
	
e)	Quelle	est	la	contribution	potentielle	des	outils	de	visualisation	de	données	pour	
améliorer	l'exploration	des	données	longitudinales	?	
	
f)	 Comment	 la	 proposition	 d’un	 cadre	 méthodologique	 adapté	 aux	 expositions	
complexes	peut‐elle	contribuer	au	développement	des	études	longitudinales	au	sein	
des	bases	de	données	médico‐administratives	françaises	?	
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Research	questions		
	
a) How	 a	 priori	 knowledge	 of	 data	 sources	 content	 and	 origin	 help	 to	 reduce	
potential	bias	in	drug	exposure	measurement?	
b) How	 do	 traditional	 between‐group	 comparisons	 compare	 with	 methods	
integrating	 the	 time	 dependent	 nature	 of	 drug	 exposure?	 Do	 different	
methods	for	handling	drug	exposure	produce	different	risk	estimates?		
c) How	to	deal	with	gaps	in	longitudinal	data	availability?	How	to	improve	the	
integration	of	immeasurable	time	bias	in	further	studies?	
d) How	 to	 identify	 relevant	 drug	 regimens	 or	 drug‐drug	 combinations	 of	
interest	within	longitudinal	data	with	multiple	concomitant	drugs?	
e) What	 is	 the	 potential	 contribution	 of	 data	 visualization	 tools	 for	 improving	
the	exploration	of	longitudinal	drug	data?	
f) How	does	a	conceptual	and	methodological	framework	help	the	development	
of	longitudinal	studies	in	French	medico‐administrative	databases?	
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IV. Objectives	
	
Résumé	4.	Objectifs	
SUMMARY	IN	FRENCH	
	
L'objectif	 de	 cette	 thèse	 est	 de	 développer	 des	méthodes	 pour	 la	modélisation	 de	
l’exposition	aux	médicaments,	de	 tenter	de	proposer	des	solutions	pour	assurer	 la	
qualité	des	données	longitudinales	et	contrôler	le	risque	de	biais	lors	de	l'utilisation	
des	bases	de	données	médico‐administratives.		
	
a)	Effectuer	une	revue	des	données	sur	le	médicament	contenues	dans	les	bases	de	
données	de	l’assurance	maladie.	
b)	 Evaluer	 les	 méthodes	 de	 comparaison	 intergroupes	 classiques	 face	 à	 des	
méthodes	intégrant	l’exposition	dépendante	du	temps	dans	le	contexte	d’une	étude	
cohorte	rétrospective.		
c)	Evaluer	l’impact	potentiel	du	biais	lié	aux	périodes	inobservables	dans	les	études	
pharmacoépidémiologiques.		
d)	 Proposer	 de	 nouvelles	 méthodes	 permettant	 d’identifier	 les	 schémas	 de	
traitement	 de	 chimiothérapie	 ou	 des	 combinaisons	 médicamenteuses	 d’intérêt	 à	
partir	de	données	hétérogènes	de	délivrance.	
e)	 Evaluer	 la	 contribution	 potentielle	 des	 outils	 de	 visualisation	 de	 données	 pour	
améliorer	l'exploration	des	données	longitudinales.		
f)	 Proposer	 un	 cadre	 conceptuel	 et	 méthodologique	 pour	 contribuer	 au	
développement	 des	 études	 longitudinales	 au	 sein	 des	 bases	 de	 données	 médico‐
administratives	françaises.		
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Objectifs	transversaux	
 Aider	 à	 accroître	 la	 pertinence	 des	 descriptions	 ou	 des	 analyses	 de	
l’exposition	médicamenteuse		
o Par	 la	 production	d’outils	 permettant	 de	mieux	 rendre	 compte	de	 la	
réalité	de	l’exposition	médicamenteuse,		
o En	prenant	en	compte	les	aspects	pharmacologiques	dans	la	définition	
des	périodes	d’exposition	à	risque.	
 Favoriser	 la	 cohérence	 et	 la	 reproductibilité	 des	 projets	 d’études	
pharmacoépidémiologiques.		
 Faciliter	 l’exploration	 des	 données	 longitudinales	 dans	 des	 situations	
complexes	grâce	à	la	mise	en	application	de	méthodes	originales.		
 Promouvoir	 l’utilisation	 des	 bases	 de	 données	 française	 de	 l’assurance	
maladie.		
 Faciliter	le	transfert	d’expérience	:	formaliser	les	éléments	clés	de	telle	sorte	
qu’ils	 puissent	 fournir	 une	 base	 utile	 pour	 les	 chercheurs	 dans	 le	 cadre	 de	
futurs	projets.	
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Main	objective:	
The	objective	of	this	thesis	is	to	develop	methods	for	increasing	the	robustness	and	
the	 pharmacological	 relevance	 of	 longitudinal	 drug	 exposure	 modelling,	 and	
guidance	 for	 researchers	 on	how	 to	 ensure	 longitudinal	 data	 availability,	measure	
drug	exposure	in	specific	contexts,	and	control	some	time‐related	biases	when	using	
electronic	healthcare	databases.		
Specific	objectives:	
 To	 review	 the	 sources	 of	 information	 on	 drug	 use	 in	 the	 French	 health	
insurance	databases	and	discuss	the	risk	of	time	related	bias.	
 To	assess	how	traditional	between	group	comparison	compare	with	methods	
integrating	 the	 time‐dependent	nature	of	 drug	 exposure	 in	 the	 context	 of	 a	
retrospective	cohort	study	
 To	assess	the	impact	of	gaps	in	longitudinal	data	availability	in	the	context	of	
a	retrospective	cohort	study	
 To	 identify	 relevant	 drug	 regimens	 or	 drug‐drug	 combinations	 of	 interest	
within	longitudinal	records	with	multiple	concomitant	drugs		
 To	assess	the	potential	contribution	of	data	visualization	tools	for	improving	
the	exploration	of	longitudinal	drug	data	
 To	propose	a	set	of	recommendations	to	support	researchers	in	dealing	with	
discontinuous,	multiple	concomitant	exposure	or	presence	of	 immesureable	
time	
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V. Context	of	the	projects		
Résumé	5.	Contexte	des	projets	
SUMMARY	IN	FRENCH	
Les	travaux	effectués	utilisent	deux	modèles	distincts.	Le	premier	modèle	utilisé	est	
plutôt	générique	et	facilement	extrapolable,	prototype	d’une	exposition	discontinue,	
c’est	celui	de	 la	population	générale	exposée	à	des	médicaments	très	répandus,	 les	
benzodiazépines	anxiolytiques	et	hypnotiques.		
Dans	 une	 deuxième	 partie,	 les	 investigations	 sont	 menées	 dans	 le	 champ	 en	
développement	 en	 pharmacoépidémiologie	:	 celui	 de	 l’onco‐hématologie,	 avec	 les	
médicaments	de	chimiothérapie	du	myélome	multiple	 comme	modèle	d’exposition	
complexe.		
Les	modèles	utilisés	reflètent	aussi	le	support	institutionnel	obtenu	au	cours	de	cette	
période.	L’étude	sur	la	mortalité	liée	aux	benzodiazépines	a	ainsi	été	supportée	par	
l’agence	 européenne	 du	 médicament	 (EMA).	 Ainsi	 le	 troisième	 projet	 utilise	 les	
données	 françaises	 issues	 de	 l’étude	 sur	 les	 benzodiazépines	 et	 mortalité	 pour	
traiter	la	question	des	périodes	inobservables	(ANSM,	appels	à	projets	ciblés	sur	les	
produits	 de	 santé,	 “Comment	 considérer	 les	 «	 périodes	 à	 trous	 »	 dans	 un	 suivi	
longitudinal	d’une	prise	en	charge	médicamenteuse”).	
La	 deuxième	 partie	 de	 ces	 travaux	 concernait	 le	 traitement	 des	 expositions	
multiples,	 avec	 une	 application	 dans	 le	 cas	 du	 myélome	 multiple,	 en	 lien	 avec	 la	
thématique	 Pharmacologie	 sociale	 du	 projet	 CAPTOR	 (Cancer	 Pharmacology	 of	
Toulouse	and	Region).	Ce	projet	est	l’un	des	2	lauréats	nationaux	de	l'appel	à	projets	
du	 programme	 Investissements	 d'avenir	 «	 Pôles	 Hospitalo‐Universitaires	 en	
Cancérologie	»	et	a	bénéficié	d’un	financement	pour	5	ans.	Le	volet	3	est	en	lien	avec	
la	Pharmacologie	Sociale	et	prévoit	l’utilisation	de	méthodes	originales	intégrant	la	
télémédecine	dans	 le	suivi	clinique	prospectif	des	patients	et	 le	développement	de	
bases	 de	 données	 à	 visée	 pharmacoépidémiologique	 utilisant	 en	 particulier	 les	
données	du	SNIIRAM.		
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The	thesis	works	used	models	from	different	fields.	For	the	first	works,	a	model	of	
frequent	 and	 discontinuous	 exposure	 in	 general	 population	 is	 used,	 with	
benzodiazepines	use	is	an	example.	Then,	to	investigate	longitudinal	drug	exposure	
in	 more	 complex	 contexts,	 the	 model	 of	 chemotherapy	 regimens	 in	 an	
haematological	 malignancy,	 multiple	 myeloma,	 was	 used	 as	 a	 model	 of	 complex	
exposure.		
These	choices	also	reflect	the	projects	supported	during	the	thesis	course.	The	work	
on	benzodiazepines	and	mortality	was	the	first	project	performed,	and	was	realized	
in	 the	 framework	of	a	restricted	 tender	 from	the	European	Medicines	Agency.	The	
article	was	a	deliverable	of	the	tender.	The	largest	part	of	the	thesis	was	funded	by	
the	 Captor	 project.	 The	 scientific	 project	 of	 the	 Toulouse	 site	 CAPTOR	 (Cancer	
Pharmacology	of	Toulouse	and	Region)	is	one	of	the	two	national	award	winners	of	
the	 ‘Future	 Investments'	 call	 for	 projects	 program.	 With	 a	 funding	 of	 10	 million	
Euros	 over	 5	 years,	 the	 project	 aims	 to	 promote	 the	 emergence	 of	 new	 cancer	
treatment	 drugs.	 CAPTOR	 has	 4	 areas	 of	 investigation:	 fundamental	 research,	
clinical	 research,	 social	 pharmacology,	 and	 education.	 Under	 the	 social	
pharmacology	 workpackage,	 several	 types	 of	 study	 (prospective	 clinical	 studies,	
retrospective	 studies	 of	 databases,	 surveys)	 are	 carried	 on	 several	 diseases	
(multiple	 myeloma,	 chronic	 myelogenous	 leukemia,	 colon	 cancer,	 etc.).	 Their	
common	 objective	 is	 to	 contribute	 to	 a	 better	 knowledge	 of	 cancer	 drugs	 in	 real	
conditions	of	use.		
Table	2.	Context	of	the	projects	(list	of	grants)	
Grants	
European	Medicines	 Agency,	 restricted	 tender	 No.	 EMA/2012/20/PV,	 Association	
between	anxiolytic	or	hypnotic	drugs	and	total	mortality.	
National	 Research	 Agency	 (ANR:	 Agence	 Nationale	 de	 la	 Recherche)	 for	 the	
“investissement	d’avenir”	(ANR‐11‐PHUC‐001,	CAPTOR	project)		
Ligue	Nationale	contre	 le	Cancer,	Demande	de	subventions	d'équipement	et/ou	de	
fonctionnement	de	laboratoire	
ANSM,	targeted	call	for	research	applied	to	healthcare	products,	2014	
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VI. Field	of	the	thesis	
	
Résumé	6.	Champ	de	la	réponse	
SUMMARY	IN	FRENCH	
Les	 éléments	 suivants	 ont	 joué	 le	 rôle	 de	 principes	 directeurs	 dans	 la	 façon	 de	
répondre	à	la	question	de	recherche	et	à	l’objectif	général	de	contribuer	à	améliorer	
la	 robustesse	 et	 la	 pertinence	 de	 la	 mesure	 de	 l’exposition	 au	 médicament.	 Ces	
principes	incluaient	:	
 La	 formulation	 des	 principes	 méthodologiques	 et	 des	 leçons	 issues	 des	
travaux	de	 telle	sorte	qu’ils	puissent	aider	d’autres	chercheurs	confrontés	à	
des	questions	similaires.	
 Un	 effort	 constant	 d’intégration	 du	 rationnel	 pharmacologique	 dans	 la	
conduite	de	l’étude,	de	sa	conception	à	l’interprétation	et	à	la	communication	
des	résultats.	
 Un	abord	des	problématiques	à	l’aide	d’études	de	cas.		
 Le	 développement	 d’outils	 transparents,	 reproductibles	 et	 transférables	 à	
d’autres	champs.	
 Des	propositions	de	solutions	privilégiant	la	facilité	de	mise	en	œuvre	plutôt	
que	le	recours	à	des	développements	statistiques.		
	
Below	 are	 detailed	 the	 several	 guiding	 principles	 for	 answering	 the	 research	
questions	and	meeting	the	general	objective	to	contribute	to	increase	the	robustness	
and	 the	 relevance	 of	 drug	 exposure	 measurement.	 These	 ways	 of	 attainment	
included:	
 The	formulation	of	lessons	learned	and	general	methodological	principles	in	
such	a	form	that	it	will	help	other	researchers	investigated	related	area	
 A	systematic	attempt	to	integrate	pharmacological	rationale	during	the	study	
course	
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 A	focus	on	case	studies	and	methodological	discussion		
 The	development	of	transparent,	reproducible	and	highly	customisable	tools	
 A	 proposal	 for	 easy	 to	 implement	 solutions	 rather	 than	 statistical	
developments	(avoiding	“black‐box”	solutions).	
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2. Aurore	Palmaro,	Julie	Dupouy,	Maryse	Lapeyre‐Mestre.	Benzodiazepines	and	
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European	neuropsychopharmacology,	2015;	
DOI:10.1016/j.euroneuro.2015.07.006	
3. Aurore	 Palmaro,	 Quentin	 Boucherie,	 Julie	 Dupouy,	 Joëlle	 Micallef,	 Maryse	
Lapeyre‐Mestre.	 Unobservable	 drug	 exposure	 due	 to	 hospitalization	 in	
medico‐administrative	 databases:	 which	 impact	 for	 Pharmacoepidemiology	
studies?	(Pharmacoepidemiology	and	Drug	Safety,	under	review)	
4. Aurore	 Palmaro,	 Martin	 Gauthier,	 Fabien	 Despas,	 Maryse	 Lapeyre‐Mestre.	
Identifying	cancer	treatment	regimens	in	French	health	insurance	databases:	
an	 application	 in	 multiple	 myeloma	 patients	 (Pharmacoepidemiology	 and	
Drug	Safety,	under	review)	
5. Aurore	 Palmaro,	 Julie	 Dupouy,	 Maryse	 Lapeyre‐Mestre.	 Analysing	
longitudinal	 exposure	 to	 produce	 automated	 indicators	 on	 contraindicated	
combinations	 and	 potential	 drug‐drug	 interactions:	 Application	 using	 the	
French	 medico‐administrative	 database.	 (British	 Journal	 of	 Clinical	
Pharmacology,	submitted)	
6. Aurore	 Palmaro,	 Maryse	 Lapeyre‐Mestre.	 Data	 visualization	 for	 drug	
exposure	in	pharmacoepidemiology:	a	case	study	for	complex	drug	regimens	
in	 multiple	 myeloma	 e‐Health	 Research	 2016.	 How	 digital	 technologies	
disrupt	 epidemiology	 and	 medical	 research.	 Paris,	 October	 11‐12,	 2016	
(abstract)	
7. Aurore	 Palmaro,	 Martin	 Gauthier,	 Cécile	 Conte,	 Fabien	 Despas,	 Pascale	
Grosclaude,	 Maryse	 Lapeyre‐Mestre.	 Identifying	multiple	myeloma	 patients	
using	 data	 from	 the	 SNIIRAM	 and	 PMSI:	 validation	 using	 the	 Tarn	 cancer	
registry	(Medicine,	under	review)	
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List	of	communications	
Aurore	 Palmaro,	 Julie	 Dupouy,	 Maryse	 Lapeyre‐Mestre.	 Association	 between	
benzodiazepines	drugs	and	total	mortality:	evidence	from	a	study	on	CPRD	data.	IX	
annual	Congress	of	the	French	Society	of	Pharmacology	and	Therapeutics,	Poitiers,	
France,	April	22‐24,	2014	(poster)	
Aurore	 Palmaro,	 Julie	 Dupouy,	 Maryse	 Lapeyre‐Mestre.	 Benzodiazépines	 et	
mortalité	:	étude	de	cohorte	au	RU	et	en	France.	VIII	congress	of	Young	Researchers	
in	 General	 Practice	 (Devenir	 Jeune	 Chercheur	 en	 Médecine	 Générale),	 Toulouse,	
France,	March	14‐15,	2014	(oral	communication)	
Aurore	Palmaro,	Quentin	Boucherie,	 Julie	Dupouy,	 Joëlle	Micallef,	Maryse	Lapeyre‐
Mestre.	 Périodes	 d’exposition	 inobservables	 au	 cours	 des	 séjours	 hospitaliers	 en	
PMSI	 MCO:	 quel	 impact	 pour	 les	 études	 pharmacoépidémiologiques?	 ADELF	
(Association	 des	 Epidémiologistes	 de	 Langue	 Française)‐EMOIS	 (Evaluation,	
Management,	Organisation,	Information,	Santé)	meeting,	Dijon,	France,	March	10‐11,	
2016,	(poster)	
Quentin	 Boucherie,	 Julie	 Dupouy,	 Joëlle	 Micallef,	 Maryse	 Lapeyre‐Mestre,	 Aurore	
Palmaro.	 Unobservable	 drug	 exposure	 due	 to	 hospitalization	 in	 medico‐
administrative	 databases:	 which	 impact	 for	 Pharmacoepidemiology	 studies?	 XI	
annual	 Congress	 of	 the	 French	 Society	 of	 Pharmacology	 and	 Therapeutics,	 Nancy,	
France,	April	19‐21,	2016	(oral	communication)	
Aurore	 Palmaro,	 Martin	 Gauthier,	 Fabien	 Despas,	 Maryse	 Lapeyre‐Mestre.	
Identifying	 cancer	 treatment	 regimens	 in	 French	 health	 insurance	 databases:	 an	
application	 in	 multiple	 myeloma	 patients.	 XI	 Congress	 of	 the	 French	 Society	 of	
Pharmacology	 and	 Therapeutics,	 Nancy,	 France,	 April	 19‐21,	 2016	 (oral	
communication)	
Aurore	 Palmaro,	 Martin	 Gauthier,	 Fabien	 Despas,	 Maryse	 Lapeyre‐Mestre.	
Reconstituer	 les	 lignes	 de	 traitement	 reçues	 en	 onco‐hématologie	 à	 partir	 des	
données	du	SNIIRAM	et	du	PMSI	:	application	à	l’étude	des	cycles	de	chimiothérapie	
dans	 le	 myélome	 multiple.	 ADELF	 (Association	 des	 Epidémiologistes	 de	 Langue	
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Française)‐EMOIS	 (Evaluation,	 Management,	 Organisation,	 Information,	 Santé)	
meeting,	Dijon,	France,	March	10‐11,	2016	(oral	communication)	
Aurore	Palmaro,	Emilie	Patras	de	Campaigno,	Mathilde	Dupui,	Berangère	Baricault,	
Julie	 Dupouy,	 Fabien	 Despas,	 Maryse	 Lapeyre‐Mestre.	 Analyse	 de	 données	
longitudinales	 pour	 la	 production	 d’indicateurs	 automatisés	 sur	 les	 interactions	
médicamenteuses	 potentielles	 :	 application	 aux	 bases	 de	 données	 de	 l’assurance	
maladie.	 ADELF	 (Association	 des	 Epidémiologistes	 de	 Langue	 Française)‐EMOIS	
(Evaluation,	Management,	Organisation,	Information,	Santé)	meeting,	Nancy,	France,	
March	23‐24,	2017	(oral	communication)	
Aurore	 Palmaro,	 Maryse	 Lapeyre‐Mestre.	 Data	 visualization	 for	 drug	 exposure	 in	
pharmacoepidemiology:	 a	 case	 study	 for	 complex	 drug	 regimens	 in	 multiple	
myeloma.	 e‐Health	 Research	 2016.	 How	 digital	 technologies	 disrupt	 epidemiology	
and	medical	research.	Paris,	October	11‐12,	2016	(commented	poster)	
Aurore	Palmaro,	Martin	Gauthier,	Cécile	Conte,	Fabien	Despas,	Pascale	Grosclaude,	
Maryse	Lapeyre‐Mestre.	Identifying	multiple	myeloma	patients	using	data	from	the	
SNIIRAM	 and	 PMSI:	 validation	 using	 the	 Tarn	 cancer	 registry.	 GRELL	 Meeting	
(Group	 for	 Epidemiology	 and	 Cancer	 Registry	 in	 Latin	 Language	 Coutries,	 Nancy,	
May	4‐6,	2016	(poster)	
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A. Chapter	1:	Anticipating	gaps	in	
longitudinal	data	availability:	
“Overview	of	drug	data	within	French	
health	insurance	databases	and	
implications	for	
pharmacoepidemiology”	
	
Aurore	 Palmaro,	 Guillaume	 Moulis,	 Fabien	 Despas,	 Julie	 Dupouy,	 ,	 Maryse	
Lapeyre‐Mestre.	 Overview	 of	 drug	 data	 within	 French	 health	 insurance	
databases	and	implications	for	pharmacoepidemiological	research.	Fundamental	
and	Clinical	Pharmacology,	2016,	DOI:	10.1111/fcp.12214	
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Consistency	of	the	project	in	relation	with	the	thesis	objectives	
 A	priori	knowledge	of	the	data	source,	including	factors	affecting	
longitudinal	data	availability,	should	be	an	essential	prerequisite	
before	implementing	further	investigations	
What	is	already	known	and	what	this	study	adds	
 Several	general	papers	have	described	 the	content	and	 interest	
of	SNIIRAM	databases	for	medical	research	
 However,	important	methodological	considerations	on	drug	data	
have	never	been	published	
 This	 paper	 offers	 a	 comprehensive	 description	 of	 drug	 data	
contained	 in	 the	 French	 Health	 insurance	 databases,	 with	 a	
particular	focus	on	gaps	in	data	availability	
Key	research	questions	
 How	a	priori	knowledge	of	data	sources	content	and	origin	help	
to	reduce	potential	bias	in	drug	exposure	measurement?	
 Where	 are	 drug	 data	 located	 in	 the	 French	 health	 insurance	
database?		
 What	 are	 the	main	 points	 to	 consider	when	 investigating	 drug	
use	through	these	databases?	
 How	 to	 ensure	 longitudinal	 data	 availability	 when	 analysing	
health	insurance	data	for	research	purposes?	
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Résumé	7.	Mieux	connaître	les	bases	de	données	de	l’assurance	maladie	pour	
réduire	 les	 biais	 potentiels	 dans	 le	 cadre	 de	 la	 mesure	 de	 l'exposition	 au	
médicament		
SUMMARY	IN	FRENCH	
Les	 bases	 de	 données	 de	 l’assurance	 maladie	 sont	 de	 plus	 en	 plus	 utilisées	 pour	
répondre	 à	 des	 interrogations	 sur	 l’utilisation	 des	 médicaments	 ou	 leur	 sécurité	
d’emploi	 en	 vie	 réelle.	 Mais	 que	 contiennent‐elles	 vraiment?	 D’où	 viennent	 les	
données	 sur	 le	 médicament	 et	 comment	 sont‐elles	 restituées	 dans	 les	 bases	 de	
données?	 Quels	 sont	 les	 principaux	 points	 de	 vigilance	 à	 respecter	 lors	 de	 leur	
exploitation	?	 C’est	 à	 ces	 questions	 que	 nous	 avons	 tenté	 de	 répondre	 dans	 cet	
article	publié	dans	Fundamental	and	Clinical	Pharmacology.		
	
Dans	cette	étude,	nous	avons	cherché	à	fournir	un	aperçu	actualisé	des	données	sur	
les	 médicaments	 contenues	 dans	 les	 bases	 de	 données	 de	 l'assurance	maladie,	 le	
datamart	 de	 consommation	 inter‐régimes	 (DCIR),	 et	 l’échantillon	 généraliste	 des	
bénéficiaires	 (EGB).	 Cet	 article	 identifie	 les	 problèmes	 affectant	 la	 disponibilité	 et	
l’exhaustivité	 des	 données	:	 (i)	 les	 variations	 du	 niveau	 de	 prise	 en	 charge	 des	
médicaments	d'intérêt	(perte	éligibilité	au	remboursement,	médicament	non	soumis	
à	 prescription	 médicale	 obligatoire),	 (ii)	 perte	 d’éligibilité	 des	 bénéficiaires	
(changement	de	régime,	etc.),	et	(iii)	les	contraintes	techniques	et	règlementaires.		
L'impact	des	ruptures	dans	la	disponibilité	des	données	va	dépendre	de	la	question	
de	 recherche,	 du	 médicament,	 du	 secteur	 de	 soin	 considéré	 et	 de	 la	 population	
d'intérêt.		
	
L’intégration	 d’une	 liste	 des	 éléments	 à	 vérifier	 et	 d’un	 panorama	 de	 la	 mise	 à	
disposition	des	données	«	médicaments	»	complètent	cet	aperçu	qui	se	voulait	une	
ressource	préalable	à	l’exploitation	de	ces	bases	de	données.	
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1. Presentation	of	the	study		
Several	 general	 papers	 have	 described	 the	 content	 and	 interest	 of	 SNIIRAM	
databases	for	medical	research	57.	However,	to	the	best	of	our	knowledge,	there	is	no	
detailed	description	of	drug	data	or	methodological	guidance	concerning	studies	on	
drug	 use	 within	 French	 health	 insurances	 databases.	 Indeed,	 SNIIRAM	 databases	
present	particularities	(in	data	collected	and	in	database	architecture)	that	are	likely	
to	 introduce	 bias	 in	 pharmacoepidemiological	 studies.	 A	 deep	 knowledge	 of	
database	 content,	 origin	 and	 release	 is	 then	 crucial	 in	 order	 to	 avoid	 bias	 when	
designing	pharmacoepidemiological	studies	using	French	databases.		
2. Objectives	
The	 objective	 of	 this	 paper	was	 to	 review	 sources	 of	 information	 on	 drug	 use	 for	
pharmacoepidemiological	 purposes	 and	 particularities	 of	 the	 French	 health	
insurance	 databases,	 using	 technical	 documentation	 provided	 by	 the	 database	
holder,	CNAMTS	 (“Caisse	nationale	de	 l’assurance	maladie	des	 travailleurs	 salariés”,	
French	National	Health	Insurance	Fund	for	Employees).	
3. Methods	
We	made	an	inventory	of	drug	data	according	to	healthcare	scheme,	period,	sector	
(public/private)	and	setting	considered,	including	a	description	of	potential	gaps	in	
data	availability,	and	we	provide	a	brief	checklist	for	identifying	these	issues.		
4. Publication
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5. Discussion	
This	paper	offers	a	structured	and	transparent	overview	of	drug	data	contained	in	the	
SNIIRAM	 and	 most	 common	 problems	 that	 could	 be	 encountered	 in	
pharmacoepidemiological	 studies	using	 these	databases.	 SNIIRAM	presents	 important	
strengths:	a	high	 level	of	coverage,	with	potentially	all	French	people	covered,	and	an	
universal	healthcare	scheme	in	which	drugs,	even	costly	and	innovative,	are	extensively	
covered.	 There	 is	 a	 need	 to	 pursuit	 further	methodological	 and	 validation	 studies	 to	
promote	 accurate	 and	 transparent	 use	 of	 French	 health	 insurance	 databases	 for	
pharmacoepidemiology.	
As	stated	in	the	introduction,	gaps	in	drug	data	availability	have	not	been	described	in	
detail	for	the	French	databases	and	this	paper	is	contributive	in	this	area.		
Some	 elements	 of	 discussion	 could	 be	 added.	 At	 the	 international	 level,	 some	 papers	
have	dealt	with	data	the	issue	of	gaps	in	data	availability.	In	UK,	this	was	discussed	for	
The	 Health	 Improvement	 Network	 (THIN)	 primary	 care	 database	
(http://csdmruk.cegedim.com/).	 Whereas	 in	 the	 French	 database	 gaps	 must	 be	
considered	at	the	healthcare	plan	level,	in	clinical	database	the	problem	is	defined	at	the	
practice	level.	As	the	general	practices	adopt	were	progressively	computerized	and	have	
adopted	 new	 software	 systems,	 there	 is	 a	 possibility	 for	 inconstant	 data	 quality,	
improving	 over	 time.	 Then	 this	 study	 focused	 on	 finding	 the	 best	 indicator	 for	
identifying	periods	of	acceptable	computer	usage,	which	is	closely	related	to	our	issue	of	
longitudinal	data	availability89.	This	 issue	has	also	been	investigated	in	another	article	
on	THIN	database,	but	with	a	focus	on	defining	periods	of	complete	mortality	reporting	
6.	Saskatchewan	Drug	Plan	database,	the	issue	of	gaps	in	data	availability	is	focused	on	
one	precise	data	period	(Validating	a	method	that	deals	with	missing	drug	information	
in	the	Saskatchewan	Drug	Plan	database).	
After	this	overview,	the	perspective	would	be	to	integrate	properly	these	considerations	
in	longitudinal	studies.		
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B. Chapter	2:	Illustrating	the	impact	
of	methodological	choice	on	risk	
estimates	and	the	interest	of	time‐
dependent	exposure:	
“Benzodiazepines	and	risk	of	death:	
results	from	two	large	cohorts	studies	
in	France	and	UK”	
	
Aurore	 Palmaro,	 Julie	 Dupouy,	 Maryse	 Lapeyre‐Mestre.	 Benzodiazepines	 and	
risk	of	death:	Results	from	two	large	cohort	studies	in	France	and	UK.	European	
neuropsychopharmacology.	07/2015;	DOI:10.1016/j.euroneuro.2015.07.006		
	
Aurore	 Palmaro,	 Julie	 Dupouy,	 Maryse	 Lapeyre‐Mestre.	 Association	 between	
benzodiazepines	drugs	and	total	mortality:	evidence	from	a	study	on	CPRD	data.	
IX	 annual	 Congress	 of	 the	 French	 Society	 of	 Pharmacology	 and	 Therapeutics,	
Poitiers,	France,	April	22‐24,	2014	(poster)	
	
Aurore	 Palmaro,	 Julie	 Dupouy,	 Maryse	 Lapeyre‐Mestre.	 Benzodiazépines	 et	
mortalité	 :	 étude	 de	 cohorte	 au	 RU	 et	 en	 France.	 VIII	 congress	 of	 Young	
Researchers	 in	 General	 Practice	 (Devenir	 Jeune	 Chercheur	 en	 Médecine	
Générale),	Toulouse,	France,	March	14‐15,	2014	(oral	communication)	
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Consistency	of	the	project	in	relation	with	the	thesis	objectives	
 Drug	exposure	modelling	could	not	be	considered	apart	from	the	
outcome		
 Here	 the	 case	 study	 of	 benzodiazepine	 mortality	 enabled	 to	
compare	between‐group	comparisons	with	methods	integrating	
the	time‐dependent	nature	of	exposure	
	
What	is	already	known	and	what	this	study	adds	
 Previous	 studies	 on	 benzodiazepines‐related	 mortality	 have	
shown	conflicting	results	
 Different	methods	(ever	use,	cumulative	use,	dose	response)	and	
design	(control,	case	control)	have	been	used		
	
Key	research	questions	
 How	 do	 traditional	 between‐group	 comparisons	 compare	 with	
methods	 integrating	 the	 time‐dependent	 nature	 of	 drug	
exposure?		
 How	 to	 manage	 a	 common	 research	 protocol	 in	 case	 of	
heterogeneous	data	sources?	
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Résumé	8.	 Illustrer	 l’impact	de	 la	méthode	de	mesure	de	 l’exposition	sur	 les	
estimateurs	 de	 risque	:	 application	 à	 l’étude	 de	 l’association	 entre	
benzodiazépines	et	mortalité	
SUMMARY	IN	FRENCH	
Dans	le	cadre	d’un	appel	à	projet	restreint	de	l’Agence	Européenne	du	Médicament	
(EMA),	 nous	 avons	 mené	 une	 étude	 sur	 la	 question	 de	 la	 mortalité	 liée	 aux	
benzodiazépines.	 Alors	 qu’une	 étude	 parue	 dans	 le	 BMJ	 Open	 en	 Janvier	 2012	 90	
montrait	une	mortalité	 toutes	causes	3	à	5	 fois	plus	élevée	chez	 les	utilisateurs	de	
benzodiazépines	 hypnotiques,	 l’état	 de	 la	 littérature	 ne	 permettait	 pas	 de	 fournir	
des	éléments	probants,	en	raison	en	particulier	de	la	confusion	résiduelle.		
Méthodes	
Nous	 avons	 donc	 mené	 une	 étude	 de	 cohorte	 rétrospective	 de	 type	 exposés/non	
exposés	 à	 partir	 de	 2	 bases	 de	 données,	 en	 France	 avec	 l’EGB	 et	 au	Royaume‐Uni	
avec	 le	 CPRD	 (Clinical	 Practice	 Research	 Datalink).	 Nous	 avons	 reconstitué	 une	
cohorte	de	nouveaux	utilisateurs	(«	new‐user	design	»),	et	considéré	l’exposition	aux	
benzodiazépines	de	façon	dépendante	du	temps.		
Les	utilisateurs	incidents	de	benzodiazépines	ont	été	comparés	à	2	groupes	témoins,	
un	 groupe	 composé	 de	 nouveaux	 utilisateurs	 d’antidépresseurs	 et	 un	 groupe	 de	
nouveaux	consommateurs	de	soins	(consultation	généraliste).	Les	patients	exposés	
ont	été	appariés	aux	témoins	sur	l’année	de	naissance	(±5ans),	le	genre,	ainsi	que	le	
cabinet	 médical	 de	 rattachement).	 Les	 patients	 âgés	 de	 plus	 de	 18	 ans	 dont	 les	
cabinets	de	rattachement	avaient	consenti	à	participer	au	chaînage	avec	le	registre	
de	 mortalité	 tenu	 par	 l’ONS	 (Office	 of	 National	 Statistics),	 étaient	 éligibles.	 La	
relation	entre	exposition	aux	benzodiazépines	et	mortalité	à	un	an	a	été	étudiée	à	
l’aide	d’un	modèle	de	Cox	stratifié,	avec	variables	dépendantes	du	temps.		
Résultats	
A	l’issue	de	la	sélection,	la	population	finale	comprenait	94	123	patients	par	groupe	
pour	 le	 CPRD,	 (57	 287	 pour	 l’EGB).	 La	 population	 comprenait	 une	 majorité	 de	
femmes,	avec	une	moyenne	(ET)	d’âge	de	58	ans	(18.6).		
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Au	 sein	 du	 CPRD,	 la	 mortalité	 toutes	 causes	 à	 un	 an	 chez	 les	 exposés	 était	
significativement	 plus	 élevée	 dans	 le	 groupe	 exposé	 [HR:	 5.67,	 95%	 CI	 5,60‐6,69,	
p<0,0001]	 et	 dans	 le	 groupe	 des	 utilisateurs	 d'antidépresseurs/anxiolytiques	 non	
benzodiazépiniques	(HR	brut,	2,00;	IC95%,	1,86‐	2,16),	par	rapport	aux	témoins.	En	
présence	 d’une	 exposition	 aux	 benzodiazépines	 prise	 comme	 variable	 dépendante	
du	temps,	la	mortalité	toutes	causes	à	un	an	était	significativement	augmentée	[HR	
brut:	 4,77,	 95%	 CI	 3,93	 –	 5,80,	 p<0,0001].	 Cette	 association	 persistait	 après	
ajustement	sur	les	facteurs	cliniques,	liés	au	mode	vie	et	socioéconomique.	
Dans	 l’EGB,	 les	 utilisateurs	 de	 benzodiazépine	 présentaient	 également	 un	 risque	
plus	élevé	de	mortalité	toutes	causes	à	12	mois	(HR	1,99;	1,74	à	2,29),	de	même	que	
les	 utilisateurs	 d'antidépresseurs/anxiolytiques	 non	 benzodiazépiniques	 (1,53;	 IC	
95%,	 1,32‐1,77)	 ,	 en	 comparaison	 aux	 témoins.	 Après	 ajustement,	 le	Hazard	Ratio	
était	de	1,26	chez	les	utilisateurs	de	benzodiazépines	(IC	95%,	1,08‐1,48),	et	de	1,07	
(IC	à	95%,	0,91‐	1,27)	chez	les	utilisateurs	d’anxiolytiques	non	benzodiazépiniques.	
Conclusions	
Grâce	 à	 un	 ajustement	 additionnel	 intégrant	 des	 variables	 traditionnellement	 non	
prises	en	compte	(tabac,	alcool,	IMC)	et	à	une	mesure	plus	adéquate	de	l’exposition	
médicamenteuse,	 nous	 avons	 ainsi	 pu	 montrer	 que	 la	 forte	 association	 observée	
entre	 benzodiazépines	 et	 mortalité,	 déjà	 décrite	 dans	 la	 littérature,	 était	 ici	
fortement	atténuée	et	interrogeait	sur	la	possibilité	d’une	confusion	résiduelle.	
Perspectives	
A	l’issue	de	ce	travail,	la	question	des	périodes	d’exposition	inobservables	et	de	leur	
poids	 sur	 les	 estimations	 obtenues	 s’est	 posée.	 En	 effet	 12%	 des	 nouveaux	
utilisateurs	de	benzodiazépines	dans	 l’EGB	ont	 effectué	un	 séjour	hospitalier	dans	
l’année	 suivant	 l’initiation,	 et	 les	 approches	 traditionnelles	 ne	 prennent	
malheureusement	 pas	 en	 compte	 ces	 périodes	 inobservables	 dans	 l’estimation	 du	
risque.	 Cette	 étude	 a	 pu	 bénéficier	 d’un	 développement	 supplémentaire	 dans	 le	
cadre	de	ce	projet	de	recherche	ciblé.		
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1. Presentation	of	the	study		
The	work	on	benzodiazepine	mortality	was	realized	in	the	framework	of	a	restricted	
tender	 from	 the	 European	 Medicines	 Agency	 (No.	 EMA/2012/20/PV,	 Association	
between	 anxiolytic	 or	 hypnotic	 drugs	 and	 total	 mortality).	 The	 article	 was	 a	
deliverable	of	the	tender.	This	study	aimed	to	investigate	mortality	associated	with	
anxiolytic	or	hypnotic	drugs	 in	 two	member	states	 in	 the	European	Union.	To	 this	
purpose,	 cohort	studies	were	conducted	on	 two	 large	population‐based	databases:	
the	 Clinical	 Practice	 Research	 Datalink	 (CPRD)	 in	 the	 UK	 and	 the	 Echantillon	
Généraliste	de	Bénéficiaires	 (EGB)	database	 (a	representative	sample	of	 the	French	
beneficiaries	of	the	national	health	insurance	scheme).	
“A	 signal	 from	 the	 published	 literature	 has	 recently	 been	 reviewed	 by	 the	 Agency	
relating	to	a	matched	cohort	study	that	found	elevated	Hazards	Ratios	(HRs)	for	death	
in	 patients	 who	 received	 hypnotic	 prescriptions	 compared	 to	 those	 not	 prescribed	
hypnotics.	The	Agency	considered	that	the	results	of	the	study	should	be	treated	with	
caution	due	 to	methodological	 limitations	of	 the	analysis	conducted,	 in	particular	 in	
terms	 of	 controlling	 for	 known	 potential	 confounders.	 The	 Agency,	 however,	 also	
considers	 that	 further	 focussed	research	on	 the	association	between	use	of	hypnotics	
and	mortality	is	required	due	to	a	potential	for	significant	public	health	impact	given	
the	widespread	use	 of	 hypnotics.	Technical	 specifications	 for	 restricted	 invitation	 to	
tender	
3.	 Subject	 of	 the	 tender:	 The	 Agency	 considers	 that	 it	 requires	 an	 in‐depth	 and	
comprehensive	 study	 of	 mortality	 associated	 with	 hypnotics/anxiolytics.	 It	 is	
anticipated	 that	 the	 research	 undertaken	 will	 further	 explore	 what	 risks	 can	 be	
attributed	 to	 complex	 confounding	 by	 life‐style,	 psychological	 and	 socio‐economic	
factors	and	history	of	psychiatric	disorders	and	other	comorbidities.	The	results	of	the	
research	 should	 inform	 on	 the	 need	 for	 regulatory	 action	 and	 risk	 management	
planning.”	
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 Study	approval	and	ethical	aspects	a)
The	 draft	 and	 final	 protocol	 were	 approved	 by	 the	 study	 sponsor,	 the	 EMA.	 The	
datasets	 were	 obtained	 from	 the	 CPRD	 after	 approval	 of	 ISAC,	 the	 Independent	
Scientific	Advisory	Committee	for	MHRA	database	research.	The	study	also	obtained	
a	 seal	 from	 the	 European	 Network	 of	 Centres	 for	 Pharmacoepidemiology	 and	
Pharmacovigilance	(Encepp	study	Seal).		
2. Objectives	
This	 study	 aimed	 to	 explore	 the	 impact	 of	 benzodiazepine	 use	 on	 short‐term	 (1	
year)	 mortality.	 For	 this	 purpose,	 we	 conducted	 cohort	 studies	 using	 two	 large	
population‐based	databases	from	2	countries	with	high	level	of	benzodiazepine	use:	
the	Clinical	Practice	Research	Datalink	(CPRD)	in	the	UK	and	the	General	Sample	of	
Beneficiaries	 (Echantillon	 Généraliste	 des	 Bénéficiaires,	 EGB)	 database	 (a	
representative	 sample	 of	 French	 beneficiaries	 of	 the	 national	 health	 insurance	
scheme).	
3. Methods	
Exposed‐unexposed	 cohorts	 were	 constructed	 with	 the	 Clinical	 Practice	 Research	
Datalink	 (CPRD)	 in	 the	 UK	 and	 with	 the	 EGB	 in	 France.	 Benzodiazepine	 incident	
users	 were	 matched	 to	 incident	 users	 of	 antidepressants/non‐benzodiazepine	
sedatives	 and	 to	 controls	 (non‐users	 of	 antidepressants	 or	 anxiolytics/hypnotics)	
according	 to	 age,	 gender	 and	 practice	 for	 the	 CPRD).	 Survival	 at	 one	 year	 was	
studied	using	Cox	regression	model.	The	first	analysis	was	based	on	an	intention‐to‐
treat	comparison	between	cohorts,	with	controls	as	the	reference	group.	Treatment	
episodes	 were	 derived	 to	 build	 time‐dependent	 covariate	 for	 benzodiazepine	
exposure.	 The	 effect	 of	 benzodiazepine	 use	 as	 a	 time‐varying	 variable	 was	 then	
examined	 separately	 offering	 the	 opportunity	 to	 compare	 between‐group	
comparisons	with	methods	integrating	the	time	dependent	nature	of	exposure.	
4. Publication
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5. Discussion	
The	work	entitled	“Benzodiazepines	and	risk	of	death:	results	from	two	large	cohorts	
studies	 in	France	and	UK”	 provides	 an	 illustration	of	 the	 impact	 of	methodological	
choice	on	risk	estimates	and	demonstrates	the	interest	of	time‐dependent	exposure	
compared	 to	 traditional	 between‐group	 comparison.	 It	 illustrates	 that	 different	
methods	 for	handling	drug	exposure	are	 likely	 to	produce	different	risk	estimates,	
and	 that	 traditional	between‐group	comparisons	should	be	completed	by	methods	
integrating	the	time‐dependent	nature	of	drug	exposure.		
 Justification	of	the	choice	of	control	groups	a)
In	contrast	to	many	other	cohort	studies,	the	study	on	benzodiazepines	integrated	a	
second	control	group	 in	addition	to	non‐users.	With	a	view	to	minimize	 indication	
bias,	non‐users	might	not	always	be	 the	best	 controls.	The	best	 controls	would	be	
patients	 who	 have	 a	 similar	 baseline	 risk,	 and	 who	 would	 be	 likely	 to	 receive	
benzodiazepines,	but	finally	did	not	receive	it.	Finally,	users	of	non‐benzodiazepine	
anxiolytics	 or	 antidepressants	 were	 selected.	 Antidepressants	 have	 different	
indications,	but	in	practice,	are	often	co‐prescribed	with	benzodiazepines,	and	even	
frequently	 initiated	 on	 the	 same	 day.	 In	 final,	 users	 of	 antidepressants	 were	
hypothesized	to	share	similar	characteristics	with	benzodiazepine	users.		
 Drug	exposure	measurement	in	other	studies	b)
In	addition	to	the	details	included	in	the	paper,	methodological	elements	from	other	
studies	investigating	the	same	question	could	provide	useful	insight	in	relation	with	
the	 issue	 of	 drug	 exposure	measurement.	 Indeed,	 for	 the	 same	 research	 question,	
distinct	methods	have	been	implemented,	as	illustrated	Table	3	(page	103).	In	most	
of	 the	 studies,	 exposure	 to	 benzodiazepines	 was	 considered	 as	 a	 fixed	 variable.	
Duration	 of	 use	 was	 rarely	 taken	 into	 account	 91–93.	 A	 little	 number	 of	 studies	
accounted	 for	 accumulated	 doses	 90,94	 or	 considered	 benzodiazepines	 as	 a	 time‐
varying	variable95,96.	Stratification	according	to	half‐life	elimination	was	retrieved	in	
two	previous	study	97,98.	
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The	 example	 of	 benzodiazepine	 and	 related	 injuries	 have	 provided	 a	 series	 à	
literature	 concerning	 drug	 modelling,	 which	 have	 been	 of	 great	 interest	 in	 the	
context	of	the	study	of	benzodiazepines	and	mortality	63,99,100.	
 Perspective	 on	 the	 multinational	 study	 on	c)
benzodiazepines	and	mortality	
This	 study	 is	 an	 example	 of	 multinational	 study	 using	 a	 common	 protocol	 and	
methodology.	 This	 project	 raised	 additional	 questions	 on	 the	 impact	 of	
methodological	choice	on	risk	estimates.	More	precisely,	area	of	discussions	were	in	
relation	with	 the	 following	observations:	 (i)	 in	spite	of	 the	application	of	 the	same	
inclusion	 criteria,	 the	populations	 selected	are	very	different	 (ii)	despite	 the	 same	
drugs	of	interests,	population	exposed,	type	of	drug	used	and	patterns	of	use	varies	
extensively,	and	(iii)	in	spite	of	the	same	event	of	interest,	with	minor	potential	for	
misclassification,	magnitude	of	risk	estimates	ranged	from	1	to	3.	Considerations	for	
implementing	multinational	study	and	applying	a	common	protocol	on	two	different	
databases	are	summarized	in	Table	4	(page	107).	These	elements	were	also	useful	
for	exploring	heterogeneity	ant	to	explain	the	variation	between	country	estimates	
for	the	same	methodology.	
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Table	 3.	 Methods	 for	 drug	 exposure	measurement	 in	 studies	 investigating	 the	
association	between	benzodiazepines	use	and	mortality		
Author	
(year)	 Population	 Exposure	assessment		 Results	
Huybrechts	
2011	101	
Exhaustive	population	
of	>65	yo	British	
Columbia	residents	in	
nursing	homes,	
initiating	a	
psychotropic	(BZD,	AD,	
conventional	or	
atypical	AP)	
	
Length	of	follow	up:	6‐
month	follow‐up	
	
Sample	size:	10	900	
Number	and	
proportion	exposed	:	
4887	incident	BZD	
users	/10900	(44.8%)	
	
Drug	data	source:	
PharmaNet	database		
	
Drugs	considered:	
Anxiolytic	BZD	
(alprazolam,	
chlordiazepoxide,	
clonazepam,	clorazepate	
dipotassium,	lorazepam)	
and	other	hypnotic	
agents	agents	(diazepam,	
estazolam,	flurazepam,	
oxazepam,	
temazepam,	triazolam,	
zolpidem,	zaleplon,	
diphenhydramine,	
lutethimide)		
	
Type	of	analysis:	
Survival	analysis		
Drug	exposure	
modelling:	exposure	
considered	as	time	
dependant)		
Main	outcome:	Non	
cancer	mortality		
	
High	dimensional	
Propensity	score	analysis	
:		
aHR=	1.20[0.96‐1.50]	as	
compared	to	atypical	AP	
new	users	
	
Kripke		
2012	90	
Population	served	by	
the	Pennsylvania	
Geisinger	Health	
System	
	
Length	of	follow‐
up:Mean	2.5	year	
follow‐up	
	
Sample	size:34	205	
	
Number	and	
proportion	exposed	
:10531	exposed	to	any	
hypnotic	among	34205	
(44.5%)	
4	338	exposed	to	
zolpidem,	and	2	076	to	
temazepam	
	
Drug	data	source:	
Electronic	health	record	
	
Drugs	considered:	
Hypnotics	(BZD	were	
around	>90%)		
	
Type	of	analysis:	
Survival	analysis,	
(exposure	considered	as	
time	fixed)	
Drug	exposure	
modelling:	Exposure	
expressed	as	doses	per	
year	(0.4‐18	pills,	18‐132	
pills,	>132	pills)	
	
zolpidem	:none/	5‐130	
mg	per	year/	130‐800	mg	
per	year	/>800	mg	per	
year	
Main	outcome:	All‐cause	
mortality		
Any	hypnotic	use	:	
aHR=	4.56	[3.95	‐	5.26]	
	
According	to	the	level	of	
exposure:		
0.4‐18	pills/yr	use:	
aHR=3.60[2.92‐4.44]	
18‐132	pills/yr	use:	
aHR=4.43[3.67‐5.36]	
>132	pills/yr	use:	
aHR=5.32	[4.50‐6.30]	
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Author	
(year)	 Population	 Exposure	assessment		 Results	
	
temazepam	:	none/1‐240	
mg	per	year/240‐1640	
mg	per	year	/>1640	mg	
per	year	
Obiora		
2013	
92	
Community‐acquired	
pneumonia	patients		
	THIN	(The	Health	
Improvement	Network)	
database	
	
Sample	size:4	964	
	
Length	of	follow‐
up:2,8‐year	mean	
follow‐up	
	
Number	and	
proportion	exposed	:	
1269	exposed	/4961	
(25.6%)		
Drug	exposure	
modelling:		
Baseline	use		
	
(i)	Ever	vs	never	use	
	
(ii)	divided	in:	current	
(<30	days),	recent	([31‐
90	days]),	past	(>90	
days)	use	according	to	
the	length	between	the	
last	prescription	and	
pneumonia	index	date	(vs	
never	users)	
	
Chronic	use	
(prescriptions	both	in	the	
30‐	
and	90‐day	periods	
before	the	pneumonia	
index	date)	
Main	outcome:All‐cause	
mortality		
2	mortality	endpoints:	30	
days	(n=947),	and	during	
the	whole	period:	(n=	
1547)	
Concerning	overall	
mortality	:	
(i)	HRa	(ever/never	BZD	
use)	:	1.32[1.19‐1.47]			
	
Significant	results	also	
observed	for	each	
individual	agent	
(diazepam,	
chlordiazepoxide,	
lorazepam,	temazepam)	
except	zopiclone	
	
(ii)	Current	use	aHR=1.42	
[1.21‐1.67]			
Recent	use	aHR=	1.49	
[1.19‐1.85]			
Past	use	aHR=	1.24[1.09‐
1.41]	
Chronic	use	:	
aHR=1.37[1.20‐1.56]		
				
Propensity	score	
adjustment	increased	the	
magnitude	of	the	
HRs(aHR	ever/never	
BZD=1.49[1.30‐1.71]	)							
Tiihonen	
2012	
93	
Exhaustive	incident	
Finnish	subjects	
diagnosed	for	
schizophrenia		
	
Length	of	follow‐
up:4,2‐year	mean	
follow‐up	
	
Sample	size:2588	
Number	and	
Drug	data	source:	
Prescription	database	of	
the	Social	Insurance	
Institute		
	
Drugs	considered:	BZD	
and	BZD	related	drugs		
Type	of	analysis:	
Survival	analysis		
Drug	exposure	
modelling:		
Main	outcome:	all‐cause	
mortality	
	
All‐cause	mortality	HRa	
(current	use)	:	1.91	[1.13‐
3.22]	
aHR	(past	use)	:	
0.99[0.97‐1.01]								
80%	of	deaths	amongst	
BZD	users	were	during	
periods	with	>28	DDD	
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Author	
(year)	 Population	 Exposure	assessment		 Results	
proportion	exposed	
:904	exposed/2588	
(34.9%)	
exposure	considered	as	
time	dependant)	
Current	and	past	use	
(violation	of	treatment	
guidelines)		
Vinkers		
2003	97	
Leiden	elderly	(>	85	yo)	
residents	(Netherlands)		
	
Sample	size:599	
	
Number	and	
proportion	exposed	
:181	exposed	at	
baseline	(30%)	
	
	
Length	of	follow‐up:3	
to	5‐year	follow‐up	
Drug	data	source:	
Computerized	Pharmacy	
Registries	with	a	time	
frame	of	3	months	
	
BZD	(diazepam	
equivalent)	
Type	of	analysis:	
Survival	analysis	
		
Drug	exposure	
modelling:	exposure	
considered	as	time	
dependant	
	
BZD	use	defined	by	a	
prescription	duration	
>50%	of	the	3‐month	
time	frame		
	
BZD	use	according	to	
short	or	long	(diazepam,	
chlordiazepoxide,	
flunitrazepam,	
flurazepam,	nitrazepam)	
half	life	
	
Main	outcome:	All‐cause	
mortality		
	
aRR	(any	BZD)=	
0.68	[0.44‐1.04]	
Winkelmayer	
2007	
98	
incident	hemodialysis	
patients		
random	sample	of	the	
US	Renal	Data	System	
Sample	size:3630	
	
Number	and	
proportion	exposed	
:490	exposed	(13.5%)	
	
Length	of	follow‐up:3	
to	4‐year	follow‐up	
	
Drug	data	source:	
Medical	charts	(Dialysis	
Morbidity	and	Mortality	
study)	
	
BZD	(anxiolytic	and	
hypnotic)	and	zolpidem		
Type	of	analysis:	
Survival	analysis		
Drug	exposure	
modelling:	exposure	
considered	as	time	fixed	
	
Baseline	use	according	to		
(i)	ever/never	users	
(ii)	the	number	of	BZD	
used		
(iii)	long	acting	
(chlordiazepoxide,	
Main	outcome:	All‐cause	
mortality	
	
aHR	=	1.15[1.02‐1.31]	
	
Increased	risk	with	short	
acting	BZD	
(aHR=1.17[1.02‐1.35])		
but	not	long	acting	(aHR=	
1.11[0.88‐1.39])	vs	no	use	
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Author	
(year)	 Population	 Exposure	assessment		 Results	
clonazepam,	flurazepam,	
diazepam)	vs	short	acting	
(alprazolam,	clorazepam,	
estazolam,	lorazepam,	
oxazepam,	temazepam,	
triazolam,	zolpidem)	
	
Baandrup	
2010	
96	
	
18‐53	yo	
schizophrenic/other	
non‐affective	psychotic	
patients		
	Danish	National	
Patient	Register		
	
Sample	size:2	131	
Number	and	
proportion	exposed	
:47.2%	exposed	to	long	
half‐life	BZD	(cases)	vs			
479/1937	i.e.	24.7%	
among	controls		
		
Drug	data	source:	
Danish	Register	of	
Medicinal	Product	drugs	
		
Drugs	considered:	BZD	
derivatives	and	related	
(ATC	class)	divided	by	
elimination	half‐life	:	long	
(>24h),	Intermediate	(6‐
24h)	and	short	(<6h)	
	
Type	of	analysis:	
Multivariate	conditional	
logistic	regression	
	
Drug	exposure	
modelling:	Current	use	:	
>1	prescription	filled	
within	90	days	before	
death	or	index	date	
Main	outcome:	All	
natural	mortality		
Current	BZD	use	was	
associated	with	
increasing	mortality	(data	
not	shown)	
		
BZD	with	long	elimination	
half‐life:	aOR	=	1.78	[1.25‐	
2.52]	
BZD	with	intermediate	
half‐life:	aOR	=0.75	[0.49‐	
1.15]	
BZD	with	short	half‐life:	
aOR	=1.16	[0.77‐1.76]	
	
Abbreviations	 :	 aOR	 :ajusted	 Odd	 Ratio,	 AP:	 antipsychotic,	 AD	 :	 antidepressant,	 AE	 :	 antiepileptic,	 BZD	 :	
benzodiazepine,	 COPD	 :	 Chronic	 Obstructive	 Pulmonary	 Disease,	 cOR	 :	 crude	 Odd	 Ratio,	 ICD	 :	 international	
Classification	 of	 Diseases,	 FGA	 :	 first	 generation	 antipsychotic,	 MTD	 :	 methadone,	 NSAIDs	 :	 Non‐steroidal	 Anti	
Inflammatory	Drugs,	OTC	:	over	the	counter,	PY:	person	year,	SGA	:	second	generation	antipsychotic,	yo:	year	old.	
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Table	4.	Factors	considered	for	implementing	the	multinational	study	
Factors	to	consider	
What	are	the	variables	available?	
Restrictions?		
Type	of	beneficiaries	included		
Population‐based	or	sample		
Objective	of	the	data	collection	(administrative,	research?)	
Methods	for	data	collection?	Automated,	Mandatory?	incitations?	
Any	 significant	 evolution	 of	 the	 methods	 of	 data	 collection	 over	 the	 period	 of	
observation?		
Secondary	processing	of	data		
Conditions	for	access	
Drugs	of	interest	
Marketing	authorization	
Availability	in	the	market	
Legal	status,	restriction	applied	to	prescribers		
Covered	by	the	health	insurance	system		
National	recommendations	
Any	phenomenon	of	diversion	described		
Completeness	of	data	collection		
Level	of	detail		
Classification	system	
Quantification:	ATC/DDD	methodology		
	
	 	
108 
 
	
	
	 	
109 
	
	
	
C. Chapter	3:	Estimating	the	impact	of	
immeasurable	exposure	periods	due	to	
hospitalizations	on	risk	estimates	in	
medico‐administrative	databases		
	
Aurore	 Palmaro,	 Quentin	 Boucherie,	 Julie	 Dupouy,	 Joëlle	 Micallef,	 Maryse	 Lapeyre‐
Mestre.	 Unobservable	 drug	 exposure	 due	 to	 hospitalization	 in	 medico‐administrative	
databases	 :	which	impact	 for	Pharmacoepidemiology	studies?	(Pharmacoepidemiology	
and	Drug	Safety,	under	review)	
	
Quentin	 Boucherie,	 Julie	 Dupouy,	 Joëlle	 Micallef,	 Maryse	 Lapeyre‐Mestre,	 Aurore	
Palmaro.	Unobservable	drug	exposure	due	to	hospitalization	 in	medico‐administrative	
databases:	which	impact	for	Pharmacoepidemiology	studies?	XI	annual	Congress	of	the	
French	 Society	 of	 Pharmacology	 and	 Therapeutics,	 Nancy,	 France,	 April	 19‐21,	 2016	
(oral	communication)	
	
Aurore	 Palmaro,	 Quentin	 Boucherie,	 Julie	 Dupouy,	 Joëlle	 Micallef,	 Maryse	 Lapeyre‐
Mestre.	Périodes	d’exposition	inobservables	au	cours	des	séjours	hospitaliers	en	PMSI	
MCO	:	quel	impact	pour	les	études	pharmacoépidémiologiques?	ADELF	(Association	des	
Epidémiologistes	de	Langue	Française)‐EMOIS	(Evaluation,	Management,	Organisation,	
Information,	Santé)	meeting,	Dijon,	France,	March	10‐11,	2016,	(poster)	
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Consistency	of	the	project	in	relation	with	the	thesis	objectives	
 Facilitating	 the	 exploration	 of	 longitudinal	 data	 in	 complex	
contexts		
	
What	is	already	known	on	this	topic	and	what	this	study	adds	
 In	 the	 study	 presented	 at	 chapter	 2,	 12%	 of	 benzodiazepines	
users	(EGB)	had	at	least	one	hospitalization	in	the	year	following	
initiation.		
 Conventional	 approach	 does	 not	 account	 for	 the	 potential	 for	
immeasurable	time	bias	during	these	hospitalizations		
	
Key	research	questions	
 What	is	the	impact	of	unobservable	time	bias	on	risk	estimates?	
 How	to	deal	with	gaps	in	longitudinal	data	availability?		
 How	 to	 improve	 the	 integration	 of	 immeasurable	 time	 bias	 in	
further	studies?	
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Résumé	 9.	 Evaluer	 l’impact	 des	 périodes	 inobservables	 lors	 des	
hospitalisations	pour	les	études	pharmacoépidémiologiques	
SUMMARY	IN	FRENCH	
	
Introduction	:	
L’essentiel	 des	 médicaments	 courants	 (non	 coûteux/innovants)	 est	 compris	 dans	 la	
dotation	 globale	 des	 établissements	 de	 soins	 et	 n’est	 donc	 pas	 décompté	
individuellement.	Dans	le	cadre	d’études	menées	sur	les	bases	SNIIRAM/PMSI,	le	statut	
d’un	patient	par	rapport	à	 l’exposition	ne	peut	donc	être	pas	être	connu	au	cours	des	
séjours	 hospitaliers.	 Or,	 ces	 périodes	 dites	 inobservables	 ne	 sont	 actuellement	 pas	
prises	en	compte	dans	les	études	pharmacoépidémiologiques.	L’identification	et	la	prise	
en	 compte	 des	 périodes	 d’exposition	 inobservables	 sont	 nécessaires	 en	
pharmacoépidémiologie	 autant	 pour	 des	 études	 portant	 sur	 l’estimation	 d’un	 risque	
associé	à	un	médicament	que	pour	des	études	 sur	 l’observance	médicamenteuse.	Une	
réflexion	méthodologique	concernant	la	prise	en	compte	de	ces	périodes	inobservables	
a	 donc	 été	 menée.	 Nous	 avons	 répondu	 à	 un	 appel	 d'offres	 de	 l'ANSM	 et	 obtenu	 un	
financement	 de	 18	 mois	 pour	 mener	 des	 travaux	 méthodologiques	 pour	 permettre	
d’améliorer	 la	 mesure	 de	 l’exposition	 médicamenteuse	 dans	 les	 études	
pharmacoépidémiologiques	 issues	 des	 bases	 médico‐administratives.	 Le	 travail	
présenté	ici	constitue	un	des	livrables	du	projet.	Il	utilise	les	données	de	l’EGB	issues	de	
l’étude	de	l’association	entre	exposition	aux	benzodiazépines	et	mortalité	(projet	2).	
L’objectif	 était	 de	 modéliser	 les	 périodes	 d’exposition	 inobservables	 et	 d’étudier	
l’impact	de	leur	prise	en	compte	sur	les	estimations	de	risque	obtenues.		
	
Méthodes	:	
Une	cohorte	de	type	exposés/non	exposés	a	été	mise	en	place	à	partir	des	données	de	
l’EGB	sur	 la	période	2006‐2012.	Les	utilisateurs	 incidents	de	benzodiazépines	ont	été	
comparés	 à	 2	 groupes	 témoins,	 un	 groupe	 composé	 de	 nouveaux	 utilisateurs	
d’antidépresseurs	et	un	groupe	de	nouveaux	consommateurs	de	soins.	La	relation	entre	
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exposition	aux	benzodiazépines	et	mortalité	a	été	étudiée	à	 l’aide	d’un	modèle	de	Cox,	
avec	 variables	 dépendantes	 du	 temps	 (exposé/non	 exposé),	 et	 selon	 différentes	
hypothèses	concernant	le	statut	par	rapport	à	l’exposition	au	cours	des	hospitalisations.	
Les	périodes	inobservables	étaient	définies	par	les	dates	d’entrée	et	de	sortie	du	PMSI	
MCO	(médecine,	chirurgie,	obstétrique	et	odontologie).		
Modèles	multi‐états	(ou	modèles	Markoviens)	
Les	modèles	multi‐états	sont	de	plus	en	plus	utilisés	en	pharmaco‐économie	ou	encore	
en	 épidémiologie	 pour	 modéliser	 la	 survenue	 d’un	 évènement	 tout	 en	 prenant	 en	
compte	 les	 différentes	 trajectoires	 en	 lien	 avec	 l’évènement.	 En	 pharmaco‐
épidémiologie,	ils	sont	pour	le	moment	peu	utilisés	alors	qu’ils	pourraient	permettre	de	
prendre	en	compte	 les	dynamiques	complexes	 liées	à	une	exposition	médicamenteuse	
(par	 exemple)	 car	 constituée	 de	 nombreux	 états	 tels	 que	 l’arrêt	 d’un	 traitement,	 la	
reprise,	le	switch,	le	changement	de	posologie	(Kildemoes	2010,	Leufkens	2002).	Dans	
le	 cadre	 de	 cette	 étude,	 un	 modèle	 de	 Markov	 à	 3	 états	
(observable/inobservable/décès)	a	été	défini.	
	
Résultats	:		
Au	 total,	 171	 861	 patients	 ont	 été	 inclus	 (57	 287	 par	 groupe).	 En	 présence	 d’une	
exposition	 aux	 benzodiazépines	 prise	 comme	 variable	 dépendante	 du	 temps,	 la	
mortalité	 toutes	 causes	 à	 un	 an	 était	 significativement	 augmentée	 [Hazard	Ratio	 brut	
1,28	(IC95%	1,02‐1,60)].	En	prenant	en	compte	les	périodes	inobservables,	l’exposition	
aux	 benzodiazépines	 n’était	 plus	 significativement	 associée	 [HR	 0,99	 (0,77‐1,18)].	 La	
modélisation	multi‐état	aboutissait	à	des	résultats	cohérents.	
	
Conclusion	:		
En	montrant	l’impact	de	la	prise	en	compte	des	périodes	d’exposition	inobservables	sur	
l’estimation	d’un	risque,	cette	étude	souligne	 la	nécessité	d’identifier	et	de	prendre	en	
compte	ces	périodes	inobservables,	autant	pour	des	études	portant	sur	l’estimation	d’un	
risque	associé	à	un	médicament	que	pour	décrire	l’exposition	médicamenteuse	au	cours	
du	temps.	
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1. Presentation	of	the	study		
In	2014,	the	French	Medicines	Agency	has	launched	a	call	 for	specific	projects	(ANSM,	
targeted	 call	 for	 research	 applied	 to	healthcare	products,	 2014).	One	of	 the	proposed	
area	concerned	unobservable	time	bias.	(“Comment	considérer	les	«	périodes	à	trous	»	
dans	un	suivi	longitudinal	d’une	prise	en	charge	médicamenteuse”).	The	project	should	
investigate	 how	 to	 consider	 unobservable	 periods	 in	 the	 context	 of	 longitudinal	 drug	
exposure	assessment.		
2. Objectives	
The	aim	of	this	study	was	to	model	unobservable	periods	due	to	hospitalization	and	to	
apply	several	methods	for	addressing	this	bias	and	assess	its	impact	on	risk	estimates.	
This	approach	was	applied	to	the	study	of	the	association	between	benzodiazepines	and	
mortality	on	 the	basis	of	 the	using	 the	General	Sample	of	Beneficiaries	(EGB)	data	 for	
presented	in	chapter	2	102.	
3. Methods	
All‐cause	 mortality	 at	 one	 year	 (Cox	 regression	 model)	 was	 studied	 using	 time‐
dependent	 variables	 (exposed/unexposed	 or	 under	 two	 hypotheses,	 inpatients	 are	
exposed	 or	 inpatients	 are	 unexposed),	 completed	 with	 a	 multistate	 model	 based	 on	
observable/unobservable/death	status.	
4. Publication
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5. Discussion	
Through	our	case	study,	we	illustrate	how	assumptions	concerning	inpatients	exposure	
to	account	for	periods	of	immeasurable	time	can	impact	risk	estimate	in	a	cohort	study.	
As	our	strategy	was	based	on	case	study,	it	raises	awareness	on	the	possible	impact	of	
unobservable	 time	 bias	 but	 does	 not	 provide	 a	 general	 answer	 to	 this	 issue,	 and	 the	
impact	in	other	contexts	is	prone	to	vary.	
This	 contribution	 did	 not	 assess	 all	 possible	 combinations,	 but	 provided	 what	 could	
assimilated	to	an	“universe	of	possible	estimates”	as	defined	by	Madigan	el	al.	 29.	This	
approach	supports	that	“account[ing]	for	uncertainty	due	to	analytic	design	choice	need	
to	become	part	of	standard	practice”.	
More	complex	models	would	also	be	of	interest.	In	our	study	an	unobservable	status	has	
been	defined.	Within	this	state,	the	patients	is	either	exposed	or	not,	but	the	real	status	
is	unknown.	In	this	particular	context	hidden	Markov	model	could	be	of	interest.	In	his	
study	 on	 «	Estimation	 of	 Drug	 Effectiveness	 by	 Modeling	 Three	 Time‐dependent	
Covariates:	 An	 Application	 to	 Data	 on	 cardioprotective	 medications	 in	 the	 chronic	
dialysis	 population”	 Phasnis	 provide	 interesting	 insights	 concerning	 further	
possibilities	 103.	 Interest	of	Phadnis	 approach	 is	 twofold	 (i)	 the	hidden	Markov	model	
(Start	 drug	 ‐stop	 drug	 )	 would	 account	 for	 changes	 during	 unobservable	 time	 (ii)	
simulate	HR	values	against	variation	in	exposure	definition.	
	
	 	
142 
 
	 	
143 
	
	
D. Chapter	4:	Dealing	with	
longitudinal	data	and	multiple	
concomitant	exposures	in	specific	
contexts:	“Identifying	cancer	treatment	
regimens	in	French	health	insurance	
databases:	an	application	in	multiple	
myeloma	patients”	
Aurore	 Palmaro,	 Martin	 Gauthier,	 Fabien	 Despas,	 Maryse	 Lapeyre‐
Mestre.	 Identifying	 cancer	 treatment	 regimens	 in	 French	 health	
insurance	 databases:	 an	 application	 in	 multiple	 myeloma	 patients	
(Pharmacoepidemiology	and	Drug	Safety,	Under	review)		
Aurore	 Palmaro,	 Martin	 Gauthier,	 Fabien	 Despas,	 Maryse	 Lapeyre‐
Mestre.	 Identifying	 cancer	 treatment	 regimens	 in	 French	 health	
insurance	 databases:	 an	 application	 in	 multiple	 myeloma	 patients.	 XI	
Congress	 of	 the	 French	 Society	 of	 Pharmacology	 and	 Therapeutics,	
Nancy,	France,	April	19‐21,	2016	(oral	communication)	
Aurore	 Palmaro,	 Martin	 Gauthier,	 Fabien	 Despas,	 Maryse	 Lapeyre‐
Mestre.	 Reconstituer	 les	 lignes	 de	 traitement	 reçues	 en	 onco‐
hématologie	à	partir	des	données	du	SNIIRAM	et	du	PMSI	:	application	à	
l’étude	des	cycles	de	chimiothérapie	dans	le	myélome	multiple.	ADELF–
EMOIS	 meeting,	 Dijon,	 France,	 March	 10‐11,	 2016	 (oral	
communication)	
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Consistency	of	the	project	in	relation	with	the	thesis	objectives	
 Adding	relevance	to	drug	exposure	measurement	
 Facilitating	 the	 exploration	 of	 longitudinal	 data	 in	 complex	
contexts	through	the	development	of	new	tools	
What	is	already	known	and	what	this	study	adds	
 Studies	on	cancer	drugs	are	scarce	and	were	mainly	focused	on	a	
single	 drug	 or	 on	 aggregated	 patients'	 trajectories	 (surgery,	
chemotherapy,	radiotherapy,	etc.)	
 Identification	of	 the	drugs	entering	 in	 treatment	regimens	 is	as	
an	 essential	 prerequisite	 for	 further	 safety	 and	 effectiveness	
studies		
 Previous	attempts	for	identifying	chemotherapy	regimens	on	the	
basis	of	claims	databases	were	scarce.	
 This	study	provides	an	algorithm	for	identifying	the	nature	and	
sequence	 of	 drug	 regimens	 using	 data	 from	 the	 French	 health	
insurance	databases.	
Key	Research	questions	
 How	 to	 identify	 complex	 drugs	 regimens	 in	 oncology	 on	 the	
basis	of	dispensing	data?		
 How	 to	 account	 for	 the	 potential	 of	 immeasurable	 time	bias	 in	
the	identification	process?	
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Résumé	 10.	 Mieux	 appréhender	 des	 situations	 impliquant	 des	 données	
longitudinales	 et	 complexes	:	 «	Reconstituer	 les	 lignes	 de	 traitement	 reçues	 en	
onco‐hématologie	à	partir	des	données	du	DCIR	et	du	PMSI	 :	application	à	 l’étude	
des	cycles	de	chimiothérapie	dans	le	myélome	multiple	»	
SUMMARY	IN	FRENCH	
Dans	 cette	 deuxième	 partie,	 les	 investigations	 sont	 menées	 dans	 un	 champ	 en	
développement	 en	 pharmacoépidémiologie,	 celui	 de	 l’onco‐hématologie.	 Le	 premier	
travail	 fait	écho	à	celui	sur	l’aperçu	de	la	disponibilité	des	données	et	sur	 les	périodes	
inobservables,	puisque	l’étude	des	chimiothérapies	a	longtemps	été	considérée	comme	
non	 réalisable	 en	 raison	 du	 caractère	 inobservable	 de	 la	 plupart	 des	 médicaments	
anticancéreux,	à	l’exception	des	médicaments	dits	«	innovants	».	
	
Reconstitution	des	parcours	de	soins	:	un	prérequis	essentiel	
Un	 des	 obstacles	 au	 développement	 d’étude	 sur	 les	 bases	 de	 données	 de	 l’assurance	
maladie	 est	 la	 complexité	 des	 données,	 tant	 dans	 leur	 structure	 que	 dans	 leurs	
modalités	de	collecte	et	de	restitution.	La	transposition	de	ces	données	administratives	
en	 des	 entités	 pertinentes	 cliniquement	 représente	 un	 enjeu	 important.	 A	 notre	
connaissance,	aucune	étude	ne	proposait	de	méthodologie	de	reconstitution	des	cycles	
de	 chimiothérapie	 sur	 les	 bases	 de	 données	 françaises	 de	 l’assurance	 maladie.	 Alors	
qu’elles	 sont	 de	 plus	 en	 plus	 utilisées	 avec	 succès	 dans	 d’autres	 contextes,	 leur	
utilisation	 en	 cancérologie	 est	 restée	 limitée.	 Une	 étude	 récente	 sur	 des	 données	
comparables	au	niveau	régional	a	proposé	une	méthodologie	permettant	de	dériver	des	
cycles	 exclusifs	 de	 séquences	 de	 soins	 (chimiothérapie,	 radiothérapie,	 etc.)	 73.	
Cependant,	une	mesure	plus	fine	de	l’exposition	(au	niveau	du	médicament	même)	est	
requise	pour	l’évaluation	de	stratégies	médicamenteuses.	La	description	des	stratégies	
de	 traitement	 et	 l’évaluation	de	 leur	 bénéfice‐risque	 imposent	 en	 effet	 de	 prendre	 en	
compte	les	combinaisons	reçues	ainsi	que	leur	séquence	d’administration.	A	l’image	des	
études	 de	 validation	 effectuées	 dans	 des	 bases	 médico‐administratives	 SEER	
(Surveillance,	Epidemiology,	and	End	Results	Program)	104,105,	on	s’intéressera	donc	à	la	
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reconstruction	 des	 lignes	 de	 traitements	 successifs	 dans	 le	 cas	 d’	 association	 de	
médicaments	 à	 visée	 anticancéreuse.	 On	 s’attachera	 à	 prendre	 en	 compte	 le	 fait	 que	
certains	médicaments	 vont	 être	 partiellement	 ou	 totalement	 inobservables.	 Ce	 travail	
propose	 ainsi	 un	 algorithme	 de	 reconstitution	 des	 lignes	 de	 traitement	 successives	 à	
partir	 des	 bases	 de	 données	 de	 l’assurance	maladie.	 L’objectif	 de	 cette	 étude	 était	 de	
définir	un	algorithme	permettant	de	reconstituer	des	lignes	de	traitement	successives	à	
partir	 des	 données	 SNIIRAM	 et	 PMSI	 MCO.	 Le	modèle	 d’étude	 est	 celui	 du	 myélome	
multiple.	
	
Méthodes	
Une	 cohorte	 de	 patients	 atteints	 de	myélome	multiple	 et	 initiant	 un	 traitement	 a	 été	
constituée	à	partir	des	données	SNIIRAM	Midi‐Pyrénées	pour	la	période	2011‐2014.	Les	
patients	ont	été	identifiés	grâce	aux	codes	myélome	multiple	(CIM	10	«	C90	»)	des	ALD	
ou	 diagnostics	 principaux	 des	 séjours	 PMSI	 MCO.	 Les	 médicaments	 considérés	
comprenaient	 le	 bortezomib,	 les	 imids	 (thalidomide,	 lénalidomide),	 les	 agents	
anticancéreux	 (cyclophosphamide,	melphalan,	 bendamustine,	doxorubicine,	 étoposide,	
carmustine),	ainsi	que	les	corticoïdes	(prednisone	et	dexaméthasone),	identifiés	à	l’aide	
des	données	du	DCIR,	des	données	de	 rétrocession	 et	 des	médicaments	 en	 sus	 (PMSI	
MCO).	 Un	 algorithme	 a	 été	 appliqué	 afin	 de	 définir	 les	 combinaisons	 de	 traitement	
reçues	au	cours	6	premiers	mois	de	 traitement	 (nombre	de	cycles	et	 changements	de	
lignes).	 Les	 cycles	 faisant	 intervenir	 des	médicaments	 hors	 liste	 en	 sus	 (cisplatine	 et	
vincristine)	 ont	 été	 identifiés	 à	 partir	 de	 la	 combinaison	 de	 médicaments	 traceurs	
observables	 (ambulatoires,	 rétrocession	 ou	 hors	 GHS)	 selon	 une	 table	 de	
correspondance	établie	avec	les	thesaurus	régionaux	de	chimiothérapie.		
	
Résultats	
Parmi	 les	 236	 patients	 inclus,	 48%	 ont	 reçu	 au	 cours	 de	 leur	 première	 ligne	 de	
traitement	 l’association	 bortezomib‐melphalan‐prednisone	 (VMP)	 (n=112),	 18%	
bortezomib‐thalidomide‐dexaméthasone	 (VTD	 ou	 VTD‐PACE)	 (n=43),	 et	 18%	
melphalan‐prednisone‐thalidomide	 (MPT)	 (n=	 43).	 Les	 autres	 lignes	 consistaient	 en	
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l’association	 melphalan‐prednisone	 (MP)	 (12%,	 n=29),	 lénalidomide‐dexaméthasone	
(RD)	 (3%,	 n=8)	 et	 bortezomib‐bendamustine‐dexaméthasone	 (VBD)	 (0,4%,	 n=1).	 La	
nature	des	cycles	et	leur	attribution	par	classe	d’âge	(+/‐	65	ans)	étaient	en	accord	avec	
les	recommandations	de	prise	en	charge.		
Conclusion	
Cette	étude	permet	de	démontrer	la	faisabilité	de	reconstituer	des	cycles	complexes	de	
traitement	en	hématologie	à	partir	des	données	du	SNIIRAM.	
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1. Presentation	of	the	study		
Data	 from	 the	 French	 health	 insurance	 system	 are	 a	 very	 valuable	 data	 source	 for	
Pharmacoepidemiology	 and	 enables	 to	 describe	 real‐life	 treatment	 patterns	 at	 the	
nationwide	 level.	 However,	 studies	 on	 cancer	 drugs	 are	 still	 scarce,	 and	were	mainly	
focused	on	a	single	drug	or	on	the	description	patients'	trajectories	through	sequences	
of	 treatment	 (surgery,	 chemotherapy,	 radiotherapy,	 etc.),	 without	 determining	 the	
nature	and	history	of	 treatment	 lines	received73.	 Indeed,	cancer	patients	are	generally	
exposed	to	several	treatment	lines,	composed	of	one	or	more	drugs.	It	is	then	essential	
to	 take	 account	 of	 the	 particular	 characteristics	 of	 drug	 exposure	 in	 oncology,	 and	 to	
move	 from	 a	 ‘single	 drug’	 approach	 toward	 a	 ‘multidrug,	multiline’	 perspective	when	
modelling	drug	exposure.	The	complexity	of	 treatment	patterns	 for	 cancer	 is	growing	
and	 the	 number	 of	 possible	 regimens	 increases	 accordingly.	 In	 the	 context	 of	
observational	study,	it	has	become	more	and	more	difficult	to	take	account	of	past	lines	
and	 duration	 of	 previous	 lines	when	 comparing	multidrug	 regimens.	 Identification	 of	
treatment	 lines	 should	 be	 considered	 as	 an	 essential	 prerequisite	 to	 enable	 further	
safety	and	effectiveness	studies	based	on	claims	databases.	However,	this	identification	
is	 not	 straightforward	 in	 these	databases	 and	 there	 is	 a	 need	 to	develop	methods	 for	
identifying	multi‐drug	chemotherapy	regimens.		
1. Objectives	
This	work	 aimed	 to	 develop	 an	 algorithm	 for	 identifying	 the	 nature	 and	 sequence	 of	
drug	 regimens	 in	 multiple	 myeloma	 using	 regional	 data	 from	 the	 French	 health	
insurance	database.	
2. Methods	
Through	this	case	study,	it	was	intended	to	develop	a	standard	approach	for	identifying	
multidrug	chemotherapy	in	French	healthcare	databases.	
3. Publication	
	
149 
	
150 
 
151 
	
152 
 
153 
	
154 
 
155 
	
156 
 
157 
	
158 
 
159 
	
160 
 
161 
	
162 
 
163 
	
164 
 
165 
	
166 
 
167 
	
168 
 
169 
	
170 
 
171 
		
172 
 
4. Discussion	
To	 the	 best	 of	 our	 knowledge,	 this	 is	 the	 first	 study	 proposing	 an	 algorithm	 for	
identifying	multidrug	regimens	using	the	French	health	insurance	databases.	Identifying	
multidrug	 lines	 is	 not	 simply	 a	 data	 management	 problem,	 but	 raises	 a	 lot	 of	
methodological	 and	 clinical	 issues.	 Previous	 publications	 in	 this	 area	were	 extremely	
scarce106,107.	 This	work	 integrates	 the	 findings	 of	 previous	 attempts	 of	 chemotherapy	
identification,	 and	 further	 develops	 the	 approach	 by	 integrating	 the	 possibility	 of	
unobservable	drugs.	
	
 	Interest	of	 further	external	validation	against	medical	a)
charts	
The	main	limitation	of	this	study	is	that	identified	treatment	regimens	are	not	validated	
against	 medical	 charts.	 Two	 potential	 sources	 for	 regimen	 ascertainment	 have	 been	
identified:	 multidisciplinary	 staff	 meetings	 (MSMs)	 and	 databases	 from	 pharmacy	
hospital.	 MSMs	 are	 organized	 on	 a	 regional	 basis,	 which	 specific	 meetings	 for	 each	
malignancy.	For	 the	Midi‐Pyrenées	area,	 cases	are	not	 computerized	 following	a	MSM	
for	multiple	myeloma.	Validation	against	data	from	hospital	systems	is	not	impossible,	
but	 would	 require	 identifying	 the	 centre	 in	 medico	 administrative	 data.	 No	 cohort	
providing	history	of	drug	regimens	could	be	identified.		
	
 Underdetection	:	patients	in	clinical	trials	b)
Experimental	drugs	administered	to	patients	enrolled	in	clinical	trials	are	not	available	
in	the	Health	insurance	systems.	Unpublished	data	from	a	communication	at	the	GRELL	
Meeting	 could	 provide	 some	 useful	 estimates.	 This	 study	was	 performed	 in	 3	 French	
area:	Côte	d’Or,	Calvados	and	Gironde.	Inclusion	rates	in	clinical	trials	for	the	first	 line	
regimen	were	respectively	34%,	7%	and	5%.	This	study	highlighted	the	potential	wide	
variations	 in	 drug	 regimens	 received	 but	 also	 demonstrated	 important	 differences	 in	
the	 5	 years	 Net	 survival	 (64%,	 46%,	 and	 42%)	 and	 Progression	 Free	 Survival	 (PFS).	
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There	 were	 also	 significant	 differences	 in	 autologous	 transplantation	 rates,	 which	
should	impact	the	nature	of	the	first	line	received.	In	our	study	population,	51	patients	
had	 code	 for	 hospital	 chemotherapy	 (Z51),	 but	 with	 not	 any	 recorded	 drugs.	 As	
validated	chemotherapy	regimens	without	any	of	 the	recent	drugs	 is	quite	rare,	 these	
patients	may	be	those	from	clinical	trials.		
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E. Chapter	5:	Dealing	with	
longitudinal	data	and	multiple	
concomitant	exposures	in	specific	
contexts:	“Analysing	longitudinal	
exposure	to	produce	automated	
indicators	on	potential	drug‐drug	
interactions”	
	
Aurore	Palmaro,	Emilie	Patras	de	Campaigno,	Mathilde	Dupui,	Berangère	Baricault,	
Julie	Dupouy,	Fabien	Despas,	Maryse	Lapeyre‐Mestre.	Analysing	longitudinal	
exposure	to	produce	automated	indicators	on	potential	drug‐drug	interactions:	
application	in	the	French	medico‐administrative	database	(British	Journal	of	
Clinical	Pharmacology,	to	be	submitted)	
	
Aurore	Palmaro,	Emilie	Patras	de	Campaigno,	Mathilde	Dupui,	Berangère	Baricault,	
Julie	Dupouy,	Fabien	Despas,	Maryse	Lapeyre‐Mestre.	Analyse	de	données	
longitudinales	pour	la	production	d’indicateurs	automatisés	sur	les	interactions	
médicamenteuses	potentielles	:	application	aux	bases	de	données	de	l’assurance	
maladie.	ADELF	(Association	des	Epidémiologistes	de	Langue	Française)‐EMOIS	
(Evaluation,	Management,	Organisation,	Information,	Santé)	meeting,	Nancy,	
France,	March	23‐24,	2017	(oral	communication)	
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Consistency	of	the	project	in	relation	with	the	thesis	objectives	
 When	 exploring	 longitudinal	 drug	 records	 with	 multiple	
concomitant	exposures,	occurrence	of	specific	drug‐drug	pairs	is	
sometimes	of	interest,	in	the	same	way	as	for	drug	combinations	
for	chemotherapy	regimens	(chapter	4).	
	
What	is	already	known	and	what	this	study	adds	
 French	 health	 insurance	 databases	 represent	 a	 potentially	
valuable	source	for	studying	potentially	drug‐drug	interactions.		
 However,	no	tools	are	available	to	screen	the	massive	amount	of	
drug	data	against	existing	compendium	of	interactions.	
 This	tool	offers	a	general	framework	for	implementation	of	drug‐
drug	 interaction	 studies	 in	 the	 French	 health	 insurance	
databases.	
	
Key	research	questions	
 How	 to	 identify	 relevant	 drug‐drug	 combinations	 of	 interest	
within	multiple	concomitant	drugs?	
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Résumé	 11.	 Mieux	 appréhender	 des	 situations	 impliquant	 des	 données	
longitudinales	 et	 complexes	 :	 «	Analyse	 de	 données	 longitudinales	 pour	 la	
production	 d’indicateurs	 automatisés	 sur	 les	 Interactions	 médicamenteuses	
potentielles	:	application	aux	bases	de	données	de	l’assurance	maladie	»	
SUMMARY	IN	FRENCH	
	
Introduction	:		
Les	 interactions	 médicamenteuses	 représentent	 une	 part	 non	 négligeable	 des	 cas	
d’hospitalisations	et	de	décès	liés	aux	médicaments.	Avec	des	données	couvrant	plus	de	
65	 millions	 de	 Français,	 les	 bases	 de	 l’assurance	 maladie	 constituent	 une	 source	
potentiellement	pertinente	pour	l'étude	des	interactions	médicamenteuses	potentielles	
(IMP).	 Cependant,	 il	 n’existe	 aucun	 outil	 permettant	 d’évaluer	 la	 prévalence	 des	
interactions	médicamenteuses	à	partir	de	ces	données.	Nous	avons	donc	mis	au	point	
un	outil	complet	pour	caractériser	ces	interactions	potentielles	à	partir	des	données	de	
remboursements,	 accompagné	 d'indicateurs	 quantitatifs.	 Cet	 outil	 est	 applicable	
immédiatement	aux	bases	de	données	de	l'assurance	maladie	française,	mais	adaptable	
à	des	sources	de	données	voire	à	des	thesaurus	différents.	Les	possibilités	de	cet	outil	
sont	 illustrées	 au	 travers	 d’une	 étude	 de	 cas	 menée	 sur	 une	 population	 de	 patients	
prévalents	atteints	de	myélome	multiple.	
	
Méthode	:		
Le	thésaurus	des	interactions	médicamenteuses	élaboré	par	l’ANSM	a	été	utilisé	comme	
référentiel	 (dernière	 mise	 à	 jour	 Janvier	 2016).	 Les	 interactions	 médicamenteuses	
potentielles	 y	 sont	 classées	en	4	niveaux	de	 contrainte	:	 contre‐indication,	 association	
déconseillée,	 précaution	 d'emploi,	 à	 prendre	 en	 compte.	 Les	 interactions	 retenues	
devaient	avoir	une	traduction	clinique	significative,	pouvant	provoquer	ou	majorer	des	
effets	 indésirables	 ou	 entraîner	 une	 moindre	 efficacité	 des	 traitements.	 La	 présence	
d’une	 IMP	 a	 été	 définie	 par	 la	 présence	 concomitante	 de	 2	 médicaments	 ou	 classes	
pendant	 au	 moins	 un	 jour.	 L’exposition	 longitudinale	 a	 été	 étudiée	 pour	 calculer	 le	
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nombre,	le	type	et	la	durée	de	schémas	concomitants.	L'outil	d'interaction	a	été	conçu	à	
l’aide	de	SAS	9.4,	accompagné	du	thesaurus	codé.	
Afin	d’illustrer	les	possibilités	de	cet	outil,	une	étude	de	cohorte	rétrospective	a	été	mise	
en	œuvre	dans	une	cohorte	de	patients	atteints	de	myélome	multiple,	identifiés	dans	le	
SNIIRAM	Midi‐Pyrénées	à	l'aide	des	diagnostics	principaux,	reliés	ou	associés	du	PMSI	
MCO	(CIM‐10	codes	C90)	et	suivis	pendant	12	mois.	 Il	s’agit	de	patients	nouvellement	
diagnostiqués,	traités	ou	non	pour	une	première	ligne.		
	
Résultats	:		
Parmi	les	506	nouveaux	patients	atteints	de	myélome	multiple	(446	avec	au	moins	une	
séquence	de	prescription	concomitante),	73.3%	(n=327)	ont	été	exposés	à	au	moins	une	
interaction	médicamenteuse	potentielle,	dont	8,6	%	de	“contre‐indications	”	(n=28)	et	
15,7%	d’	“associations	déconseillées”	(n=51).	Les	IMP	impliquaient	essentiellement	des	
médicaments	destinés	à	traiter	les	comorbidités,	et	aucune	contre‐indication	impliquant	
des	médicaments	anticancéreux	n’a	été	identifiée.	Les	médicaments	impliqués	dans	les	
IMP	provenaient	le	plus	souvent	du	même	prescripteur	(60%,	n=10555).	
	
Conclusions	:		
Cet	 outil	 offre	 un	 cadre	 général	 pour	 la	 mise	 en	œuvre	 d’études	 sur	 les	 interactions	
médicamenteuses	 à	 partir	 des	 bases	 de	 données	 de	 l'assurance	 maladie.	 A	 partir	 du	
thesaurus	complet,	des	études	dédiées	pourront	être	conduites	sur	d’autres	populations	
cibles,	 accompagnées	 éventuellement	 d’une	 étude	 de	 la	 survenue	 d’événements	
spécifiques,	 permettant	 d’apporter	 des	 éléments	 qualitatifs	 contributifs.	 Les	 résultats	
générés	 par	 cet	 outil	 pourraient	 ainsi	 permettre	 d’accroître	 les	 connaissances	
concernant	les	interactions	médicamenteuses.		
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1. Presentation	of	the	study		
Electronic	 healthcare	 databases	 are	 increasingly	 used	 in	 pharmacoepidemiology	 to	
study	 drug	 safety	 in	 real	 life.	 Drug–drug	 interactions	 (DDI)	 represent	 an	 important	
cause	of	hospital	 admission	and	death,	but	 tools	 for	 screening	 the	massive	amount	of	
drug	 data	 in	 such	 databases	 against	 existing	 compendium	of	 interactions	 are	 lacking.	
Among	 the	 existing	 initiatives,	 SFINX	 database	 has	 demonstrated	 the	 interest	 of	 an	
integrated	system	to	reduce	the	prevalence	of	DDI	108.	
Routinely	collected	data	from	the	French	health	insurance	database,	with	more	than	65	
million	 inhabitants	 covered,	 represent	 a	 potentially	 valuable	 source	 for	 studying	
potential	drug‐drug	 interactions	(pDDIs).	We	have	developed	a	comprehensive	tool	 to	
characterize	Potential	DDi	(pDDI)	from	claims	databases	with	a	set	of	quantitative	and	
visual	indicators.	This	tool	is	ready	to	apply	to	large	databases	using	ATC	codes,	such	as	
the	 French	 health	 insurance	 databases	 (SNIIRAM),	 but	 is	 adaptable	 to	 different	
compendium.		
Multiple	myeloma	is	an	interesting	model	for	studying	coprescribing.	With	a	median	age	
at	diagnosis	around	70,	 these	patients	 frequently	suffer	 from	additional	comorbidities	
requiring	 long‐term	 therapy.	 In	 addition,	 multiple	 myeloma	 therapy	 is	 based	 on	
prolonged	 chemotherapy,	 in	 association	 with	 a	 wide	 range	 of	 supportive	 care	
treatments.	 Indeed,	 those	 patients	 are	 particularly	 at	 risk	 for	 both	 drug–drug	
interactions	 and	 related	 occurrence	 of	 serious	 adverse	 events	 and	 death.	 We	 have	
already	 investigated	 the	 most	 appropriate	 methods	 for	 identifying	 cases	 of	 multiple	
myeloma	109	and	the	combination	of	drugs	received	110.	In	addition,	completeness	of	the	
data	 source	 enables	 to	 access	 both	 ambulatory	 and	 hospital	 drugs.	We	demonstrated	
the	capabilities	of	this	tool	through	a	case	study	in	multiple	myeloma	patients	identified	
in	the	SNIIRAM	and	followed	for	a	6	months,	illustrating	the	contribution	of	anticancer	
drugs’,	‘supportive	care	drugs’,	and	‘drugs	to	treat	additional	diseases/comorbidities’	in	
the	pDDI	retrieved.	
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2. Objectives	
The	objective	was	 to	 adapt	 the	 compendium	of	 interactions	 developed	by	 the	 French	
Medicines	Agency	for	automated	detection	of	potential	drug‐drug	interactions	
3. Methods	
A	retrospective	cohort	study	was	implemented	among	patients	with	multiple	myeloma	
in	 regional	 healthcare	 database	 from	 2011	 to	 2014.	 List	 of	 DDIs	 was	 based	 on	 the	
compendium	elaborated	by	the	French	Medicines	Agency	(last	updated	January	2016).	
A	pDDI	was	defined	as	the	presence	of	a	minimum	one	day	overlap	for	drugs	listed	as	
“interacting”.	 Longitudinal	 exposure	 was	 investigated	 to	 compute	 number,	 type,	 and	
duration	of	overlap	for	interacting	drugs.	The	interaction	tool	was	designed	as	a	set	of	
SAS	9.4	computing	codes.	
4. Publication	 	
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5. Discussion	
This	tool	offers	a	general	framework	for	implementing	drug‐drug	interaction	studies	in	
French	 health	 insurance	 database.	 In	 the	 same	way	 as	 coprescribed	 anticancer	 drugs	
were	 used	 to	 identify	 relevant	 drug	 regimens	 in	 chapter	 4,	 identification	 of	 relevant	
concomitant	sequences	were	based	on	 ‘actual	concurrent	use’	 111.	Dispensing	data	are	
available	 on	 a	 daily	 basis,	 and	 concurrent	 use	 of	 anticancer	 drugs	 dispensed	 in	 the	
hospital	 pharmacy,	 in	 the	 same	way	 as	 other	 drugs	 (e.g.,	 supportive	 care	 drugs’	 and	
‘drugs	to	treat	additional	diseases/comorbidities’)	could	be	investigated.		
This	 work	 is	 likely	 to	 facilitate	 further	 research	 on	 DDIs	 through	 automated	
computation	and	adaptable	tools.	Outputs	of	DDIs	exploration	are	intended	to	increase	
knowledge	 and	 raise	 awareness	 of	 different	 stakeholders	 on	 concomitant	 use	 of	
contraindicated	 medication	 combinations,	 and	 may	 be	 applied	 for	 monitoring	
prescribing	quality.		
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F. Chapter	6:	Improving	the	
exploration	of	longitudinal	drug	data:	
“Data	visualization	for	drug	exposure	in	
pharmacoepidemiology”	
	
	
Aurore	 Palmaro,	Maryse	 Lapeyre‐Mestre.	 Data	 visualization	 for	 drug	 exposure	 in	
pharmacoepidemiology	 :	 a	 case	 study	 for	 complex	 drug	 regimens	 in	 multiple	
myeloma.	e‐Health	Research	2016.	How	digital	 technologies	disrupt	epidemiology	
and	medical	research.	Paris,	October	11‐	12,	2016	(commented	poster).	
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Consistency	of	the	article	in	relation	to	the	thesis	objectives	
 Adding	relevance	to	drug	exposure	measurement	
 Facilitating	 the	 exploration	 of	 longitudinal	 data	 in	 complex	
contexts	through	development	of	new	methods	
	
What	is	already	known	and	what	this	study	adds	
 In	 the	 context	 of	 analysis	 of	 large	 datasets,	 it	 is	 difficult	 to	
account	 for	 complex	 treatment	 schemes	 or	 discontinuous	
exposure	using	conventional	descriptive	statistics	
 Novel	strategies	for	information	integration	are	then	needed.	
 Visualisation	tools	might	be	useful	in	pharmacoepidemiology	for	
better	study	design	and	reporting.	
	
Key	research	questions	
 What	is	the	potential	contribution	of	data	visualization	tools	for	
improving	the	exploration	of	longitudinal	drug	data?	
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Résumé	 12.	 Visualisation	 de	 données	 pour	 l’exposition	 médicamenteuse	 en	
pharmacoépidémiologie	:	une	étude	de	cas	dans	le	myélome	multiple	
SUMMARY	IN	FRENCH	
Introduction	
Les	 bases	 de	 données	 de	 l'assurance	maladie	 (SNIIRAM)	 rassemblent	 une	masse	 très	
conséquente	d’informations	sur	les	médicaments	délivrés	par	exemple.	Dans	le	cadre	de	
l'analyse	 de	 données	 massives	 sur	 les	 délivrances	 médicamenteuses,	 il	 est	
particulièrement	difficile	de	décrire	des	schémas	de	traitement	complexes,	marqués	par	
des	 expositions	 multiples	 et	 discontinues,	 en	 utilisant	 des	 statistiques	 descriptives	
conventionnelles.	 Le	 recours	 à	 des	 outils	 alternatifs	 se	 révèlerait	 donc	 dans	 ce	 cas	
particulièrement	pertinent.		
Au	 cours	 de	 ce	 travail,	 différentes	 méthodes	 potentielles	 pour	 visualiser	 les	 cycles	
d'exposition	aux	médicaments	ont	été	passées	en	revue,	ainsi	que	leur	apport	potentiel	
pour	 améliorer	 la	 conception	 des	 études,	 la	 stratégie	 de	 modélisation,	 générer	 de	
nouvelles	 hypothèses	 et	 mieux	 décrire	 l’exposition	 médicamenteuse	 en	
pharmacoépidémiologie.	
Méthodes	
Différentes	 visualisations	 ont	 été	 générées	 à	 partir	 des	 données	 médicamenteuses	
ambulatoires	et	hospitalières.	Deux	principales	techniques	de	visualisation	de	données	
ont	été	testées	:	les	représentations	temporelles	et	les	représentations	en	réseaux.		
Conclusions	
Cette	 étude	 illustre	 l'utilisation	 d'outils	 de	 visualisation	 de	 données	 pour	 décrire	 les	
schémas	d’exposition	longitudinaux	aux	médicaments	et	les	situations	de	concomitance	
en	présence	de	 régimes	complexes.	Ces	outils	pourraient	 contribuer	à	mieux	explorer	
les	 grands	ensembles	de	données	 longitudinales	des	bases	de	données	de	 l'assurance	
maladie	française	et	à	générer	des	hypothèses	concernant	les	modes	de	consommation	
en	vie	réelle.	
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1. Presentation	of	the	study	
French	 health	 insurance	 databases	 (SNIIRAM)	 contain	 millions	 of	 patient	 records	 in	
relation	 to	medications	dispensed	or	hospital	diagnoses	 for	 instance.	 In	 the	context	of	
analysis	 of	 large	 datasets,	 it	 is	 difficult	 to	 account	 for	 complex	 treatment	 schemes	 or	
discontinuous	 exposure	 using	 conventional	 descriptive	 statistics.	 Novel	 strategies	 for	
information	 integration	 are	 then	 needed.	 Data	 visualization	 and	 visual	 analytics	 are	
widely	used.	However,	tools	or	methods	are	not	well	known,	and	transposition	to	drug	
treatment	data	is	not	always	straightforward.		
Literature	 on	 exploration	 of	 electronic	 healthcare	 record	 is	 now	 abundant,	 but	 is	
essentially	 for	 exploration	 and	 hypothesis	 generation	 purpose.	 A	 increasing	 range	 of	
papers	 has	 been	 dedicated	 to	 the	 exploration	 of	 electronic	 healthcare	 databases	 for	
knowledge	 discovery,	 as	 illustrated	 by	 the	 “Medication‐Wide	 Association	 Studies”112.	
Other	developments	 in	 this	area	 include	 for	 instance	 interactive	systems	designed	 for	
physicians	 in	 a	 personalized	 medicine	 perspective.	 In	 the	 context	 of	 a	 confirmatory	
approach,	 such	 methods	 should	 be	 introduced	 with	 caution.	 Application	 of	 data	
visualization	methods	 within	 this	 framework	 has	 not	 been	 extensively	 discussed.	 An	
interesting	 initiative	 is	 provided	 by	 Mini‐Sentinel	 group,	 discussing	 briefly	 how	
“pictorial	models	can	help	elucidate	statistical	models”80.	This	report	proposed	a	set	of	
visual	types	that	could	be	produced	before	or	just	after	the	study	to	facilitate	the	choice	
of	 study	 design	 while	 verifying	 the	 underlying	 assumptions.	 In	 the	 same	 way,	 some	
visualizations	developed	as	part	of	the	OMOP	project	have	been	described	81.	
One	of	the	motivations	of	this	thesis	was	to	gain	insight	into	patterns	of	exposure	in	real	
life.	 Several	 graphical	 tools	 were	 tested	 were	 developed	 throughout	 the	 different	
projects,	 showing	 the	 potential	 of	 visual	 analytics	 to	 gain	 insights	 into	 complex	 drug	
exposure	patterns.	This	chapter	illustrates	the	potential	interest	of	these	visualizations	
through	 the	different	case	studies	conducted	and	discuss	 their	 contribution	 for	better	
study	design,	hypothesis	generation,	and	reporting	in	pharmacoepidemiology.		
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2. Methods	
 Visualizations	tested	a)
The	tools	developed	during	the	projects	included	a	patient	profile	to	study	longitudinal	
exposure	 patterns,	 a	 Sankey	 diagram	 to	 investigate	 patients’	 changes	 across	
chemotherapy	 regimens,	 a	 stream	 graph	 to	 highlight	 prevalence	 of	 use	 according	 to	
drug	class,	 a	heatmap	 to	 investigate	coprescribing	patterns,	 and	a	clustered	graph	 for	
summarizing	exposure	profiles.	In	addition,	three	additional	useful	representations	are	
discussed	for	their	methodological	contribution:	a	cohort	diagram	to	assess	longitudinal	
data	availability,	a	distribution	approach	for	optimizing	the	choice	of	index	date,	and	a	
diagram	 to	discriminate	point	 from	chronic	exposure.	Example	of	 insight	gained	 from	
these	visualizations	are	provided.	Visual	formats	were	categorized	into	graphs	for	single	
drug	patterns	(individual	profiles	or	aggregated),	visualizing	changes	across	categories,	
and	visualizing	 changes	 in	prevalence	of	use.	Visualizations	were	produced	using	SAS	
9.4,	R	v3.2.1,	D3.js	library	and	Gephi	v0.8.2.		
 Datasets	for	the	study	b)
Visualizations	 were	 developed	 in	 the	 context	 of	 the	 first	 four	 projects:	 the	 cohort	 of	
benzodiazepine	users	 from	the	study	presented	at	chapter	2	and	3	and	the	cohorts	of	
multiple	myeloma	patients	presented	through	chapter	4	(236	incident	patients	starting	
a	new	line)	and	chapter	5	(506	incident	patients).		
Case	study	for	longitudinal	data	comprised	the	name	of	chemotherapy	regimens	for	the	
first	 6	 months	 of	 follow‐up,	 derived	 from	 the	 work	 on	 drug	 regimen	 identification	
(Chapter	4,	page	143),	and	used	for	producing	patients’	profiles	illustrated	Figure	1	and	
Figure	 2.	 Figure	 3	 is	 derived	 from	 a	 complementary	 investigation	 on	 200	 incident	
lenalidomide	users,	followed	for	up	to	6	months.	The	dataset	on	all	concomitant	drugs	
for	 the	 cohort	 of	 236	multiple	myeloma	 patients	was	 used	 for	 producing	 the	 stream	
graph	 (Figure	 4).	 To	 study	 relation	 between	 categorical	 data	 (Figure	 6),	 a	 dataset	
summarizing	the	most	frequent	interacting	drugs	classes	was	used	(Chapter	5:	Dealing	
with	 longitudinal	 data	 and	 multiple	 concomitant	 exposures	 in	 specific	 contexts:	
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“Analysing	 longitudinal	 exposure	 to	 produce	 automated	 indicators	 on	 potential	 drug‐
drug	interactions”,	page	167).	
For	 highlighting	 longitudinal	 data	 availability	 (Figure	 7),	 the	 cohort	 of	 multiple	
myeloma	 patients	 is	 used	 (Chapter	 4).	 The	 final	 example	 of	 chronic	 versus	 point	
exposure	 is	 based	 on	 the	 study	 on	 benzodiazepines	 and	 mortality	 (Chapter	 2:	
Illustrating	 the	 impact	 of	methodological	 choice	 on	 risk	 estimates	 and	 the	 interest	 of	
time‐dependent	exposure:	 “Benzodiazepines	and	 risk	of	death:	 results	 from	 two	 large	
cohorts	studies	in	France	and	UK”,	page	75).	
3. Results	
 Individual	sequences	a)
Episodes	 of	 exposure	 could	 be	 considered	 as	 time	 spans,	which	 could	 be	placed	 on	 a	
horizontal	 timeline.	When	 only	 exclusive,	 non‐overlapping	 sequences	 are	 considered,	
one	 horizontal,	 interrupted	 bar	 chart	 could	 describe	 the	 whole	 treatment	 trajectory.	
When	drugs	 considered	 are	 overlapping,	 placing	 all	 drugs	 in	 a	 single	 line	 in	no	more	
relevant,	and	Gantt	charts	might	be	relevant.	Hence,	Gantt	charts	 (Figure	1)	would	be	
more	adapted	to	display	single	patient’s	profiles,	with	start	and	end	date	of	an	episode	
represented	using	horizontal	bars.	
Individual	 sequences	 graphs	 were	 used	 to	 support	 the	 validity	 of	 the	 regimens	
identification	algorithm	(chapter	4),	 in	the	context	of	the	absence	of	external	standard	
for	 comparison.	 Indeed,	 once	 the	 limitation	 due	 to	 some	 unobservable	 drugs	
acknowledged,	individual	drug	patterns	are	supposed	to	be	accurately	recorded	in	the	
data	 source.	 The	 main	 source	 of	 misclassification	 is	 then	 linked	 to	 the	 grouping	 of	
individual	drugs	into	chemotherapy	regimens	according	to	the	proposed	algorithm.	As	
already	 proposed	 by	 Bikov	 106,	we	 have	 generated	 individual	 drugs	 sequences	 charts	
(horizontal	 bar	 charts)	 for	 100	 randomly	 patients	 and	 visually	 examined	 the	
consistency	 between	 these	 diagrams	 and	 the	 chemotherapy	 regimens	 attributed	 to	
assess	 face	 validity	 of	 the	 algorithm.	One	 example	 is	 provided	 Figure	 1,	 in	which	 the	
algorithm	accurately	captured	the	first	line	(Melphalan‐Prednisone‐Thalidomide	(MPT)	
is	attributed).	The	second	line	begins	with	the	addition	of	a	new	drug	not	belonging	to	
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the	first	line,	and	comprised	the	drug	administered	in	the	28	days	after	starting	this	new	
line	 (prednisone	 and	 melphalan).	 The	 regimen	 attributed	 is	 then	 VMP	 (Bortezomib‐
Melphalan‐Prednisone).		
	
Figure	1.	Patients	profile.	Individual	drug	sequences	
 Longitudinal	drug	exposure	treated	as	sequential	data:	a)
Sankey	diagrams	
In	 some	cases,	 treatment	episodes	could	 fall	 in	a	 finite	number	of	 states,	 and	patients	
made	 transition	 between	 several	 possible	 sequences.	 A	 typical	 example	 is	
chemotherapy	data	comprising	sequential	treatment	cycles.		
Sankey	 diagrams	 were	 initially	 designed	 to	 represent	 flows	 in	 the	 energy	 industry.	
Through	 these	 thesis	 projects,	 Sankey	 diagrams	 were	 used	 to	 represent	 patient’s	
trajectories	 according	 to	 chemotherapy	 regimens,	 as	 a	 representation	 of	 movements	
between	categories	over	 time.	Flows	are	represented	with	band,	 the	bandwidth	being	
proportional	 to	 the	 size	 of	 the	 flow	 (number	 of	 patients).	 Vertical	 bar	 represent	 time	
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intervals,	set	to	one	month.	 In	the	case	study,	multiple	myeloma	patients	are	followed	
up	to	6	months.	This	diagram	enables	to	represent	the	timing	of	regimens	changes,	but	
also	the	proportion	of	patients	switching	to	another	regimen.	Interrupted	flows	are	also	
taken	into	account.	
	
Figure	2.	Sankey	diagram.	Trajectories	according	to	age	class	and	chemotherapy	
regimens	in	the	first	6	months	of	therapy	(n=236).	
	
This	diagram	enables	 to	 assess	 the	 type	of	drug	 regimens	 and	 allocation	by	age	 class	
(+/‐	 65	 years).	 Patients	 aged	 less	 than	 65	 received	 mainly	 VTD	 (Bortezomib‐
Thalidomide‐Dexamethasone)	 or	 VMP	 (Bortezomib‐Melphalan‐Prednisone),	 while	
those	 age	 more	 than	 65	 were	 attributed	 VMP,	 MPT	 (Melphalan‐Prednisone‐
Thalidomide)	 or	 MP	 (Melphalan‐Prednisone),	 which	 is	 in	 accordance	 with	 current	
recommendations	113,114.	Ascending	or	descending	bands	represent	the	part	of	patients	
moving	 from	 one	 regimen	 to	 another,	 or	 interrupting	 their	 treatment	 (interrupted	
band).	
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Sankey	 diagram	 can	 also	 be	 of	 interest	 for	 studying	 doses	 concessions.	 As	 a	
complementary	 investigation	on	drug	regimens	 trajectories,	a	 focus	was	made	on	one	
particular	regimen:	Lenalidomide‐Dexamethasone	(RD).	The	RD	scheme	consists	in	28‐
day	 cycles,	 with	 continuous	 lenalidomide	 (25	 mg	 orally	 from	 Day	 1	 to	 21)	 and	
dexamethasone	 20mg	 on	 days	 1,	 8,	 15,	 22.	 Three	 dose	 reduction	 levels	 are	 defined	
(Dose1:	 25mg,	 Dose	 2:	 15mg	 and	 Dose3:	 5mg)115.	 The	 lenalidomide	 in	 available	 in	
packages	dosed	at	5,	15	or	25	mg,	enabling	to	follow	the	changes	in	the	dose	delivered.	
Older	 or	 comorbid	 patients	may	 initiate	 at	 lower	 dose,	 and	 further	 dose	 concessions	
could	be	decided	in	certain	patients	in	order	to	reduce	treatment	related	toxicity	116,117	
while	maintaining	 the	patients	under	 treatment.	 For	 this	 case	 study,	 patients	 starting	
this	 regimen	 (first	 dispensing	 of	 lenalidomide)	 were	 followed	 up	 to	 6	 months.	
Trajectories	of	doses	are	plotted	Figure	5.	
	
Figure	 3.	 Sankey	 diagram.	 Trajectories	 of	 doses	 in	 patients	 receiving	 incident	
lenalidomide	(first	6	months	of	follow‐up,	n=200)	
A	 certain	 number	 of	 key	 points	 illustrate	 what	 could	 be	 derived	 from	 this	 Sankey	
diagram:		
 At	the	end	of	the	study	period,	more	than	half	of	the	patients	have	stopped	their	
treatment	or	switched	to	another	therapy.	
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 Doses	 concession	 (from	 15‐25mg	 to	 10‐15mg	 or	 10‐15mg	 to	 5mg)	 were	
important	in	the	first	months	after	initiation.	
 There	is	no	observed	direct	concession	from	15‐25mg+	to	5	mg	from	one	month	
to	another.		
 Conversely,	patients	augmenting	their	dose	do	not	switch	directly	to	the	25	mg	
step	(exception	observed	between	months	3	and	4)	
The	stream	graph	is	a	special	case	of	stacked	area	chart.	The	stream	graph	was	used	to	
display	 trends	 in	 prevalence	 of	 use	 of	 selection	 drug	 classes	 over	 time	 (Figure	 4).	 In	
contrast	to	Sankey	diagram,	it	does	not	enable	to	see	trajectories	over	time	(patients	in	
the	 bandwidth	 are	 not	 necessarily	 the	 same).	 However,	 it	 could	 reveal	 interesting	
trends,	 such	 as	 the	 pre‐index	 increase	 in	 drug	use,	 in	 particular	 for	 analgesics	 (N02).	
After	 index	 date,	 anticancer	 drugs	 are	 represented	 (L01,	 L02,	 L04),	 together	 with	
specific	 supportive	 care	 drugs	 (antibiotics	 (J01)	 and	 vaccines	 (J05),	 bisphosphonates	
(M05).		
Interestingly,	 nonsteroidal	 anti‐inflammatory	 drugs	 (NSAIDs)	 are	 frequently	 used	
before	 index	 date,	 but	 disappeared	 after	 start	 of	 multiple	 myeloma	 management.	 In	
addition	 to	 other	 nephrotoxic	 drugs	 (contrast	 agents,	 etc.),	 these	 drugs	 should	 be	
avoided	in	multiple	myeloma	patients.		
The	 graph	 reveals	 a	 very	 satisfying	 compliance	 to	 this	 recommendation.	 Another	 key	
finding	 is	 the	 rapid	 decrease	 in	 the	 size	 of	 the	 bandwidth	 for	 anticancer	 drugs	 (L01,	
L03).	At	the	end	of	the	12‐month	period,	the	majority	of	the	patients	are	no	more	under	
active	chemotherapy	treatment.		
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Figure	4.	Stream	graph	representing	trends	in	prevalence	of	selected	drug	classes.	
Incident	multiple	myeloma	patients	(12	months	before	and	12	months	after	index	
date)	
 Clustering	longitudinal	data	b)
When	sample	size	becomes	too	high	to	visualize	individual	data,	methods	for	examining	
aggregated	trajectories	could	be	considered.	Some	methods	are	at	the	frontier	between	
data	 visualization	 and	 analytics,	 and	 offer	 the	 opportunity	 to	 classify	 pattern	 of	
exposure	 according	 to	 various	 algorithm	 (kmeans),	 like	 PROC	 TRAJ	 in	 SAS	 or	 Klm	
packages	47,118–123.	
The	Traminer®	package	was	used	to	produce	the	following	aggregated	graphs.	
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Figure	 5.	 Aggregated	 longitudinal	 drug	 exposure	 patterns	 (patients	 receiving	
incident	lenalidomide,	n=200)	
	
 Studying	concomitant	drug	patterns	c)
In	the	case	study,	heat	maps	were	used	to	highlight	the	most	frequent	interaction	drugs	
or	prescribed	class	within	the	dataset.	Other	potential	charts	were	those	representing	
the	 relation	between	 two	 categorical	 variables	 (area	 charts,	 node‐link	diagrams,	 etc.).	
Transversal	 diagram	 are	 less	 informative	 than	 those	 previously	 presented.	 However,	
they	 highlight	 the	 main	 interacting	 drug	 classes	 observed.	 Cardiovascular	 drugs	 are	
frequently	 retrieved,	 with	 potential	 interactions	 between	 other	 cardiovascular	 drugs,	
drugs	 of	 the	 musculoskeletal	 system	 and	 interactions	 between	 two	 central	 nervous	
systems	drugs.	
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Figure	6.	Heatmap	of	frequencies	of	potential	drug‐drug	interactions	according	to	
the	main	 (level	 I)	ATC	 class	 (multiple	myeloma	 cohort	 for	 pDDI	 identification,	
n=506)	
 Graphics	 for	 better	 study	 design	 and	 exposure	d)
modelling	
(1) Ascertaining longitudinal availability 
	As	 highlighted	 in	 the	 first	 article	 (chapter	 1),	 ensuring	 prior	 longitudinal	 data	
availability	 is	crucial.	However,	additional	errors	may	occur	 through	 the	data	analysis	
workflow,	and	might	results	in	incomplete	data	sets	for	instance.		
Figure	9	should	be	useful	to	ascertain	the	timespan	of	the	data	extracted.	However,	they	
should	be	completed	by	additional	exploration	at	the	month	level.		
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Figure	7.	Longitudinal	data	availability	
(2) Optimisation of the choice of index date 
When	 studying	 the	 prevalence	 of	 initiation	 of	 selected	 drugs	 after	 diagnosis	 of	 a	
condition	or	specific	events,	graphs	would	be	of	particular	interest.	When	the	index	data	
could	be	 subjected	 to	 important	uncertainty	 (date	of	diagnosis	of	 cancer	 in	electronic	
healthcare	 databases),	 the	 event	 of	 interest	 in	 relation	 to	 the	 diagnosis	 could	 occur	
some	days	before	the	date	retained	as	the	index	date,	resulting	in	an	underestimation	of	
true	 “new	users”.	 To	 overcome	 this	 issue,	 the	 delay	 between	 index	 date	 and	 the	 first	
date	of	exposure	could	be	plotted	in	order	to	study	its	distribution.	In	the	distribution	is	
switched	 to	 the	 left,	 this	would	 indicate	 that	 the	prevalence	 of	 new	users	 is	 certainly	
biased.		
The	 waiting	 time	 distribution	 is	 a	 graphical	 method	 based	 on	 observed	 distribution	
which	 is	used	 for	 choosing	 the	most	appropriate	observation	period	 for	defining	new	
users.	47	
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Figure	 8.	 Dstribution	 of	 the	 delay	 between	 index	 date	 and	 the	 first	 date	 of	
exposure	
(3) Assessing adequacy of time dependent models 
Time‐dependent	exposure	may	lack	of	robustness	in	case	of	very	important	unbalance	
between	 exposed	 and	 unexposed	 time.	 Graphics	 summarizing	 type	 of	 exposure	 have	
then	 a	 potential	 interest	 for	 assessing	 adequacy	 of	 time	 dependent	 models	 124.	
Simulation	 showed	 more	 biased	 estimates	 of	 exposure–outcome	 associations	 if	
proximity	to	follow‐up	start	was	not	considered	125.	
Through	the	project	on	benzodiazepines,	drug	exposure	patterns	of	a	sample	of	patients	
were	represented	to	confirm	the	nature	of	drug	exposure.	The	principle	is	very	similar	
to	the	“Star	And	Stripes”	diagrams	were	proposed	by	the	Mini	‐Sentinel’s	Methods	Core	
Workgroup	on	Case‐Based	Approaches.	This	diagram,	close	to	horizontal	time	line,	was	
intended	to	differentiate	point	exposures	profiles	from	chronic	exposure	(“stripes”)80.		
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Figure	9.Exposure	profile	
4. Discussion	
The	approach	for	integrating	visualization	into	pharmacoepidemiological	study	is	in	line	
with	 the	 original	 definition	 provided	 by	 Tukey.	 Indeed,	 in	 the	 70ies,	 Tukey	 have	
developed	 the	 concept	 of	 exploratory	 data	 analysis	 126,	 defined	 as:	 "procedures	 for	
analyzing	 data,	 techniques	 for	 interpreting	 the	 results	 of	 such	 procedures,	 ways	 of	
planning	 the	 gathering	 of	 data	 to	 make	 its	 analysis	 easier,	 more	 precise	 or	 more	
accurate,	and	all	the	machinery	and	results	of	(mathematical)	statistics	which	apply	to	
analyzing	data”.		
This	 chapter	 was	 focused	 on	 drug	 exposure	 patterns	 only,	 which	 had	 been	 poorly	
explored,	 except	 for	 interactive	 visualization	 purposes	 127,128.	 A	 larger	 set	 of	
visualizations	have	been	developed	for	studying	the	association	between	exposure	and	
an	outcome129	or	signal	detection.	Prescription	sequence	symmetry	analysis	are	a	good	
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example	 of	 such	 graphical	 method	 122.	 Charts	 for	 signal	 detection	 have	 also	 been	
discussed	in	the	Mini‐Sentinel	report	80.		
When	introducing	visualization	tools	in	the	decision	process,	it	should	be	acknowledged	
that	visual	representations	could	be	subjected	to	misinterpretation	or	distortions.	This	
aspect	is	not	discussed	here,	but	deserves	further	considerations,	as	already	performed	
in	 the	 framework	 of	 the	 PROTECT	 project	 for	 benefit‐risk	 assessment130,131.	 In	 the	
proposed	figures,	numbers	might	be	added	to	help	the	interpretation.	In	should	also	be	
noted	 that	 graphical	 methods	 are	 often	 accompanied	 by	 numerical	 indicators	 to	
overcome	 this	 issue	 (e.g.	 sequence	 ratios	 prescription	 sequence	 symmetry	
analysis).There	is	now	a	rich	literature	on	visualizing	healthcare	data	on	timelines.	The	
field	of	life	history	data	has	also	provided	relevant	contributions	in	this	area.	The	main	
limitations	 of	 this	 short	 overview	 are	 in	 relation	 with	 the	 non‐systematic	 review	 of	
visualizations.	However,	previous	publication	within	the	specific	area	of	drug	exposure	
patterns	 is	 relatively	 scarce,	 and	 this	 chapter	 might	 be	 useful	 to	 highlight	 potential	
application	 of	 data	 visualization	 in	 the	 context	 of	 hypothesis	 based	
pharmacoepidemiological	studies.		
5. Conclusion	
This	chapter	illustrates	the	use	of	visual	analytic	tools	to	characterize	longitudinal	drug	
patterns	 in	 the	 presence	 of	 complex	 regimens.	 These	 tools	 could	 contribute	 to	 better	
explore	the	large	longitudinal	datasets	of	the	French	health	insurance	databases	and	to	
generate	hypotheses	concerning	patterns	of	drug	use	 in	real	 life,	or	could	be	useful	 to	
support	methodological	decisions	during	study	design	or	early	data	exploration.	
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G. Complementary	Chapter:	
“Identifying	multiple	myeloma	patients	
using	data	from	the	SNIIRAM	and	PMSI:	
validation	using	the	Tarn	cancer	
registry	“	
	
Aurore	Palmaro,	Martin	Gauthier,	Cécile	Conte,	Fabien	Despas,	Pascale	Grosclaude,	
Maryse	Lapeyre‐Mestre.	Identifying	multiple	myeloma	patients	using	data	from	the	
SNIIRAM	 and	 PMSI	 :	 validation	 using	 the	 Tarn	 cancer	 registry	 (Medicine,	 under	
review)	
	
Aurore	Palmaro,	Martin	Gauthier,	Cécile	Conte,	Fabien	Despas,	Pascale	Grosclaude,	
Maryse	Lapeyre‐Mestre.	Identifying	multiple	myeloma	patients	using	data	from	the	
SNIIRAM	 and	 PMSI:	 validation	 using	 the	 Tarn	 cancer	 registry.	 GRELL	 Meeting	
(Group	for	Epidemiology	and	Cancer	Registry	 in	Latin	Language	Countries,	Nancy,	
May	4‐6,	2016	(poster)	
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Consistency	of	the	project	in	relation	to	the	thesis	objectives	
 Adding	 relevance	 to	 drug	 exposure	 measurement	 through	
accurate	selection	of	the	target	population	
 Facilitating	 the	 exploration	 of	 longitudinal	 data	 in	 complex	
contexts	through	development	of	new	tools	
	
What	is	already	known	and	what	this	study	adds	
 Misclassification	bias	could	impact	drug	exposure,	as	illustrated	
in	the	thesis,	but	could	also	affect	case	ascertainment		
 Accuracy	of	identification	and	then	implementation	of	validation	
studies	is	of	primary	importance	
 This	 study	 provides	 an	 assessment	 of	 case	 identification	
algorithms	for	multiple	myeloma	
Key	research	questions	
 What	 is	 the	 accuracy	 of	 case	 identification	 algorithms	 used	 for	
identifying	 multiple	 myeloma	 through	 the	 French	 health	
insurance	databases?		
 How	do	first	diagnosis	compare	with	the	documented	date	in	the	
registry?		
 Do	 algorithms	 using	 longer	 periods	 of	 observation	 perform	
better?		
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Résumé	13.	S’assurer	de	la	validité	de	l’identification	des	cas	pour	les	modèles	à	
l’étude	:	validation	de	 l’algorithme	d’identification	du	myélome	multiple	à	partir	
du	registre	des	cancers	du	Tarn		
SUMMARY	IN	FRENCH	
	
Introduction	
La	 validation	 des	 algorithmes	 d’identification	 doit	 accompagner	 la	mise	 en	 place	 des	
études	 sur	 les	 bases	 de	 données.	 Des	 initiatives	 internationales	 sur	 l’identification	
d’affections	 ou	 d’évènements	 particuliers	 ont	 été	menées,	 à	 l’image	 des	 projets	Mini‐
Sentinel	 et	 OMOP	 (Observational	 Medical	 Outcomes	 Partnership)	 aux	 États‐Unis	 ou	
d’EU‐ADR	 en	 Europe	 132.	 Une	 série	 importante	 de	 revues	 systématiques	 portant	 sur	
l’identification	 d’un	 certain	 nombre	 d’affections,	 dont	 le	 lymphome	 133	 a	 été	 publiée	
depuis	2012	(de	façon	non	exhaustive	:	134–140.	
Cependant,	 les	 paramètres	 de	 validité	 d’un	 algorithme	 ne	 se	 sont	 pas	 transposables	
entre	 les	différentes	sources	de	données.	En	France,	 le	réseau	REDSIAM	a	entamé	une	
démarche	 généraliste	 avec	 une	 volonté	 structurante,	 qui	 s’accompagne	 de	 la	 mise	 à	
disposition	d’algorithmes.	Des	 travaux	ont	également	été	menés	sur	 l’identification	de	
cas	 de	 cancer	 141.	 Cependant,	 aucune	 validation	 n’avait	 été	 menée	 pour	 le	 myélome	
multiple	dans	les	bases	de	données	de	l’assurance	maladie.	
	
Objectifs	
Cette	 étude	 visait	 à	 évaluer	 les	 performances	 de	 plusieurs	 algorithmes	 basés	 sur	 les	
diagnostics	hospitaliers	du	PMSI	MCO	et	 les	affections	de	 longue	durée	pour	 identifier	
les	patients	atteints	de	myélome	multiple.	
	
Méthodes		
Les	cas	potentiels	de	myélome	au	cours	de	la	période	2010‐2013	ont	été	identifiés	par	
la	présence	d’au	moins	un	code	de	diagnostic	principal	pour	le	myélome	multiple	(CIM‐
10	«	C90	»).	Des	algorithmes	alternatifs	ont	également	considéré	les	diagnostics	reliés	et	
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associés,	en	combinaison	ou	non	avec	les	affections	de	longue	durée.	Les	cas	incidents	
étaient	 ceux	 sans	 code	 «	C90»	 au	 cours	 des	 24	 ou	 12	 derniers	mois.	 La	 sensibilité,	 la	
spécificité	 et	 les	 valeurs	 prédictives	 positives	 et	 négatives	 (VPP	 et	 VPN)	 ont	 été	
estimées,	 les	 cas	 de	myélome	multiple	 diagnostiqués	 en	 2010‐2013	 figurants	 dans	 le	
registre	du	cancer	de	Tarn	étant	pris	comme	référence.	
	
Résultats	
Les	 données	 sur	 les	 ALD	 concernaient	 11	 559	 patients	 (22	 244	 pour	 les	 données	 du	
PMSI	MCO).	Le	registre	contenait	125	cas	de	myélome	multiple.	La	sensibilité	était	de	
70%	en	utilisant	seulement	les	principaux	diagnostics	hospitaliers	(spécificité	de	100%,	
VPP	79%),	76%	en	 considérant	 également	 les	diagnostics	 reliés	 (spécificité	de	100%,	
VPP	74%),	et	90%	avec	les	diagnostics	associés	(spécificité	de	100%,	64	%	PPV).	
	
Conclusions	
Les	 algorithmes	 intégrant	 les	 diagnostics	 hospitaliers	 présentaient	 des	 performances	
relativement	satisfaisantes.	L’algorithme	optimal	pour	identifier	les	patients	atteints	de	
myélome	multiple,	et	maximisant	à	la	fois	l’indice	de	Youden	et	la	spécificité,	était	celui	
exigeant	«	au	moins	»	un	diagnostic	principal,	relié	ou	associé	«	C90	»,	avec	une	période	
d’observation	de	12	mois	(sensibilité	:	90%,	spécificité	:	100%,	VPP	60%).		
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1. Presentation	of	the	study		
Relevance	 of	 drug	 exposure	 measurement	 and	 in	 particular	 external	 validity	 is	
conditioned	 by	 a	 proper	 selection	 of	 the	 target	 population.	Misclassification	 bias	 (i.e.	
including	 false	myeloma	patients)	could	 introduce	confusion	and	 irrelevant	results.	 In	
administrative	 databases,	 this	 selection	 is	 made	 on	 the	 basis	 of	 case	 definition	
algorithms,	 and	 the	 validity	 of	 the	 coding	 is	 then	 of	 primary	 importance	 142–144.	 As	
algorithms	performance	could	be	in	many	ways	database‐specific,	there	was	a	need	to	
implement	this	validation	study	in	French	health	insurance	databases.	A	lot	of	previous	
validations	were	made	in	the	ICD‐9	database	in	the	US	and	validation	studies	are	lacking	
for	European	and	Nordic	database,	 in	which	ICD10	is	more	frequent	144.	While	several	
studies	have	measured	the	validity	of	cancer	cases	ascertainment	in	France	145–147,	none	
focused	 on	 haematological	 diseases.	 Then,	 the	 validity	 of	 identification	 of	 multiple	
myeloma	cases	through	these	databases	has	not	been	previously	established.	This	study	
aimed	 to	 assess	 the	 performance	 of	 several	 algorithms	 based	 on	 hospital	 diagnoses	
(PMSI,	“Programme	de	médicalisation	des	systèmes	d’	information”)	and	diagnoses	from	
the	 long‐term	 diseases	 (LTD)	 scheme.	 Validation	 of	 case	 identification	 algorithms	
represents	an	important	 issue,	as	demonstrated	by	recent	calls	144,	but	also	by	several	
initiatives	from	Mini‐Sentinel	and	OMOP	(Observational	Medical	Outcomes	Partnership)	
in	US	or	EU‐ADR	in	Europe	132.	An	important	series	of	systematic	review	on	methods	for	
validating	 a	 wide	 range	 of	 disease,	 including	 lymphoma	 for	 instance	 133,	 has	 been	
published	since	2012	134–140.	Lessons	learned	and	proposals	for	improvement	have	been	
formulated	during	these	validation	studies	148.	However,	literature	concerning	multiple	
myeloma	is	very	poor,	and	only	one	resource	could	be	identified	149.	
2. Objectives	
This	 study	 aimed	 to	 assess	 the	 performance	 of	 several	 algorithms	 based	 on	 hospital	
diagnoses	 (PMSI,	 “Programme	 de	 médicalisation	 des	 systèmes	 d’	 information”)	 and	
diagnoses	from	the	long‐term	diseases	(LTD)	scheme.	
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3. Methods	
Potential	multiple	myeloma	patients	in	2010‐2013	were	identified	using	the	presence	of	
hospital	 records	with	at	 least	one	main	diagnosis	 code	 for	multiple	myeloma	 (ICD‐10	
‘C90’).	 Alternative	 algorithms	 also	 considered	 related	 and	 associated	 diagnoses,	
combination	with	long‐term	conditions,	or	at	least	2	diagnoses.	Incident	patients	were	
those	 with	 no	 previous	 ‘C90’	 codes	 in	 the	 past	 24	 or	 12	 months.	 The	 sensitivity,	
specificity	and	positive	and	negative	predictive	values	(PPV	and	NPV)	were	computed,	
using	 a	 French	 cancer	 registry	 for	 the	 corresponding	 area	 and	 period	 as	 the	 gold	
standard.	
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4. Publication	
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5. Discussion	
Algorithms	 tested	 exhibited	 very	 different	 performances,	 ranging	 from	 poor	
performance	 when	 using	 only	 main	 hospital	 diagnoses	 to	 very	 acceptable	
parameters	 when	 all	 hospital	 diagnoses	 are	 used	 in	 combination	 with	 long‐term	
conditions.	 The	 optimal	 algorithm	 to	 identify	 MM	 patients	 (maximizing	 both	 the	
Youden’s	 index	 and	 specificity)	 was	 “at	 least	 1	 main,	 OR	 related,	 OR	 associated	
hospital	MM	code”,	with	a	12‐month	observation	period,	which	had	a	sensitivity	of	
90%,	a	specificity	of	100%,	and	a	PPV	of	60%.	The	same	algorithm	with	a	24‐month	
observation	period	demonstrated	a	similar	performance;	nevertheless	the	algorithm	
with	 the	 shortest	 period	 of	 observation	 should	 be	 preferred.	 Indeed,	 the	 study	
design	 simulated	 the	performance	of	 algorithms	 that	would	be	based	on	 the	 large	
French	 health	 insurance	 databases	 (SNIIRAM)	 in	 further	 research.	 Using	 an	
algorithm	with	 a	 restricted	 period	 of	 observation	 (12	months	 as	 compared	 to	 24	
months)	has	potentially	a	great	interest	for	an	increasing	sample	size	and	length	of	
possible	 follow‐up	 in	 the	 context	of	 limited	 longitudinal	data	 availability	 (data	 are	
available	since	2006	in	the	SNIIRAM).		
This	 study	 could	 also	 be	 discussed	 with	 regards	 to	 other	 validation	 studies	
conducted	 in	 France.	 Other	 validations	 realised	 were	 performed	 on	 the	 same	
principle:	getting	non	anonymized	data	from	registries	and	hospital	data,	linking	the	
data,	 and	 assessing	 performance	 of	 cases	 finding	 algorithms.	 Compared	 to	 the	
strategy	of	Quantin	et	al.	 for	colorectal	 cancer	cases	 147,	we	do	not	apply	 the	same	
strategy	for	data	 linkage	(software	called	ANONYMAT	based	on	hash	coding	150,	vs	
procedures	for	internal	use	of	the	registry,	strategy	based	on	24	matching	attempts	
combining	 5	 identifying	 variables).	 Health	 insurance	 data	 for	 medical	 procedures	
were	not	available,	thus	validation	using	the	initial	procedures	of	interest	(surgical	
procedures	 or	 endoscopic	 investigation	 for	 instance),	 as	 proposed	 for	 colorectal	
cancers	 147	 was	 not	 realizable.	 Maybe	 the	 best	 initial	 procedure	 for	 identifying	
myeloma	would	be	a	myelogram,	nevertheless	it	could	also	be	repeated	over	time.	In	
addition,	 available	 data	 within	 the	 registry	 revealed	 that	 only	 94%	 of	 confirmed	
cases	of	myeloma	have	benefited	from	a	myelogram.	The	second	algorithm	based	on	
diagnosis	codes	 147	 is	more	comparable	with	our	strategy,	but	 the	period	required	
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without	diagnosis	 code	was	 longer	 (5	years	vs	2	or	1	year	 in	our	 study),	 together	
with	 the	 type	 of	 diagnosis	 considered	 (related	 diagnoses	 not	 taken	 into	 account).	
The	 impact	 of	 coding	 practices	 for	 main,	 related	 and	 associated	 diagnoses	 in	 the	
PMSI	has	not	been	extensively	discussed	in	the	manuscript,	nevertheless	should	be	
acknowledged.	
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VIII. General	discussion		
	
Résumé	14.	Résumé	des	principaux	résultats	obtenus	
SUMMARY	IN	FRENCH	
	
1.	 Importance	de	 la	 connaissance	des	 sources	de	données	 secondaires	et	de	
l'exploration	des	données	pour	réduire	le	risque	de	biais	
	
a)	L'intégration	des	connaissances	a	priori	dans	d'autres	études	
Dans	 le	 premier	 article	 présenté	 au	 chapitre	 1,	 une	 description	 complète	 des	
données	 sur	 le	 médicament	 contenues	 dans	 les	 bases	 de	 données	 de	 l'assurance	
maladie	 est	 proposée,	 avec	 un	 accent	 particulier	 mis	 sur	 les	 ruptures	 dans	 la	
disponibilité	des	données.	
	
Au	cours	des	divers	projets,	l’importance	de	la	validité	des	données	lors	de	la	mise	
en	œuvre	des	études	pharmacoépidémiologiques	a	fait	 l’objet	d’une	vigilance	toute	
particulière,	en	particulier	pour	les	ruptures	dans	la	disponibilité	des	données	ou	le	
choix	 des	 codes.	 Comme	 les	 algorithmes	 d'identification	 de	 la	 maladie	 sont	
également	sujets	au	même	type	de	considérations,	l’étude	de	validation	utilisée	pour	
identifier	 l’affection	 d’intérêt	 dans	 2	 des	 études	 a	 été	 intégrée	 dans	 un	 chapitre	
complémentaire	 de	 ce	 manuscrit	 de	 thèse	 ("	 Identifier	 les	 patients	 atteints	 de	
myélome	multiple	à	partir	des	bases	de	données	du	SNIIRAM	:	validation	à	partir	du	
registre	des	cancers	du	Tarn	»).	
	
b)	 Mise	 en	 évidence	 de	 l’impact	 du	 biais	 lié	 aux	 périodes	 d’expositions	
inobservables	dans	le	cadre	d’une	étude	de	cohorte	
Alors	 que	 le	 premier	 projet	 a	 permis	 de	 mettre	 l’accent	 sur	 les	 ruptures	 dans	 la	
disponibilité	 des	 données	 lors	 des	 séjours	 hospitaliers,	 le	 travail	 présenté	 au	
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chapitre	 3	 permet	 de	montrer	 l’impact	 possible	 de	 ces	 ruptures	 au	 travers	 d’une	
étude	de	cas	sur	un	schéma	d’étude	de	type	cohorte.	
	
c)	 Réhabiliter	 l’analyse	 exploratoire	 des	 données	 dans	 les	 études	
confirmatoires	 :	 mieux	 connaître	 les	 données	 observées	 pour	 accroître	 la	
pertinence	de	la	modélisation	de	l'exposition	au	médicament	
L’exposition	au	médicament	est	traditionnellement	décrite	en	termes	de	nombre	de	
délivrances,	 de	 cycles	 ou	 sous	 forme	 de	 quantité	 cumulée.	 Cependant,	 cette	
description	 ne	 permet	 pas	 de	 rendre	 compte	 de	 la	 réalité	 des	 trajectoires	 de	
traitement,	 et	 de	 nouvelles	 stratégies	 pour	 l'intégration	 de	 l'information	 étaient	
nécessaires.		
Un	 projet	 dédié	 a	 alors	 cherché	 à	 examiner	 des	 méthodes	 potentielles	 pour	
visualiser	 les	 épisodes	 d'expositions	 aux	médicaments	 ("Visualisation	 de	 données	
pour	 l’exposition	 médicamenteuse	 en	 pharmacoépidémiologie	:	 une	 étude	 de	 cas	
dans	 le	 myélome	 multiple	 ").	 Les	 outils	 permettant	 de	 représenter	 des	 données	
longitudinales	ou	en	réseau	ont	été	plus	particulièrement	abordés.	D’après	William	
S.	Cleveland	151	 ,	 «	La	visualisation	est	un	aspect	essentiel	de	 l’analyse	de	données.	
Elle	offre	une	ligne	d’attaque	frontale,	révèle	la	structure	complexe	de	données	qui	
ne	 pourraient	 être	 comprises	 d’aucune	 autre	 façon.	 Elle	 permet	 de	 découvrir	 des	
résultats	inattendus	et	de	remettre	en	question	les	conclusions	attendues.	»152.	
	
2.	Mettre	en	évidence	l’impact	des	choix	méthodologiques	et	les	biais	affectant	
la	mesure	de	l'exposition	au	médicament	
	
a)	Confrontation	des	 comparaisons	 inter‐groupes	aux	méthodes	 intégrant	 la	
nature	dépendante	du	temps	de	l'exposition	au	médicament	
Les	travaux	sur	les	benzodiazépines	fournissent	ensuite	une	illustration	de	l'impact	
des	choix	méthodologiques	sur	les	estimations	de	risque	et	démontrent	l'intérêt	de	
l'exposition	 dépendante	 du	 temps	 par	 rapport	 à	 une	 comparaison	 inter‐groupe	
traditionnelle.		
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b)	 Confrontation	 des	 méthodes	 intégrant	 ou	 non	 le	 biais	 lié	 aux	 périodes	
inobservables		
Le	premier	article	a	permis	de	mettre	en	évidence	les	ruptures	dans	la	disponibilité	
des	 données	 et	 en	 particulier	 lors	 de	 séjours	 hospitaliers	 pour	 la	 plupart	 des	
médicaments.	 Grâce	 au	 travail	 sur	 les	 périodes	 inobservables,	 la	 nécessité	 de	
prendre	 en	 compte	 l'impact	 de	 ces	 périodes	 d'expositions	 inobservables	 sur	 les	
estimations	 a	 été	 rappelé,	 et	 mis	 en	 évidence	 dans	 le	 cas	 des	 bases	 de	 données	
françaises.		
	
3.	 Rôle	 du	 rationnel	 pharmacologique	 et	 clinique	 pour	 une	 modélisation	
étiologiquement	compatible	et	une	meilleure	interprétation	des	résultats	
	
La	 question	 du	 rôle	 du	 rationnel	 pharmacologique	 a	 été	 mobilisée	 à	 différents	
moments	 lors	des	différents	 travaux,	 comme	 lors	de	 la	 sélection	des	médicaments	
d’intérêt	 par	 exemple	 (benzodiazépines	 et	 mortalité).	 Selon	 le	 point	 de	 vue	 de	
l’agence	 de	 régulation,	 seules	 les	 benzodiazépines	 anxiolytiques	 et	 hypnotiques	
relevant	 des	 classes	ATC	N05BA,	 CD	 ou	CF	 devaient	 être	 prises	 en	 compte.	 Sur	 le	
plan	pharmacologique,	 le	 cas	des	autres	benzodiazépines	ne	 figurant	pas	dans	 ces	
classes	 ATC	 posait	 problème.	 Il	 s’agissait	 du	 tétrazépam	 et	 du	 clonazépam.	 Nous	
avons	 fait	 le	 choix	 d’adopter	 une	 solution	 intermédiaire	 permettant	 de	modéliser	
l’exposition	aux	benzodiazépines	classées	ailleurs	en	tant	que	variables	dépendantes	
de	temps.	Cependant,	compte	tenu	du	déséquilibre	d’effectif	important,	nous	n’avons	
pas	mis	en	évidence	l’impact	de	ces	médicaments.		
	
La	 question	 du	 choix	 d'un	 comparateur	 pour	 étudier	 la	 mortalité	 liée	 aux	
benzodiazépines	a	également	 fait	 l’objet	d’une	attention	particulière.	Une	réflexion	
utile	peut	être	retrouvée	dans	le	cas	de	l’étude	entre	benzodiazépines	et	fractures	38.	
Les	 groupes	 sont	 basés	 sur	 une	 similarité	 d’indications	 (anxiolytiques	 et	
hypnotiques).	 Dans	 le	 cadre	 des	 études	 OMOP,	 un	 éventail	 bien	 plus	 large	
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d’indication	 a	 été	 considéré	 (ulcère	 duodénal,	 schizophrénie).	 Cependant,	 les	
contraintes	 pour	 la	 constitution	 étaient	 similaires	:	 les	 médicaments	 témoins	
devaient	 partager	 les	 mêmes	 indications	 avec	 les	 benzodiazépines,	 mais	 pas	 le	
même	 mécanisme	 d’action	 38.	 En	 dépit	 de	 cette	 contrainte,	 le	 midazolam	 a	 été	
intégré	 dans	 le	 groupé	 témoin,	 tout	 comme	 d’autres	 médicaments	 (nortriptyline,	
doxépine,	 buspirone,	 chlorpromazine,	 chlormezanone,	 prochlorperazine,	
méprobamate).	 On	 y	 retrouve	 des	 antidépresseurs	 et	 les	 anxiolytiques	 non	
benzodiazépines	 qui	 constituaient	 notre	 groupe	 témoin,	 mais	 aussi	 des	
antipsychotiques.	Au	cours	d’une	analyse	ultérieure,	 les	 investigateurs	d’OMOP	ont	
décidé	de	conserver	les	médicaments	comparateurs	les	plus	utilisés.	L’hydroxyzine	
n'a	ainsi	finalement	pas	été	retenue38.	
	
Le	choix	de	 la	 fenêtre	de	risque	et	de	 la	méthode	de	modélisation	a	également	 fait	
appel	 à	 une	 réflexion	 sur	 la	 plausibilité	 et	 sur	 les	 mécanismes	 pouvant	 mener	 à	
l’évènement	d’intérêt.	Le	choix	de	 la	 fenêtre	de	risque	a	 fait	 l’objet	d’une	attention	
particulière,	avec	une	modélisation	de	type	dépendante	du	temps.		
	
D’autres	 réflexions	 ont	 également	 eu	 lieu	 lors	 de	 la	 conception	 de	 l’étude	 sur	 les	
interactions	 médicamenteuses	 potentielles,	 avec	 le	 choix	 d'une	 durée	 minimale	
d’exposition	concomitante,	ou	lors	du	choix	des	interactions	à	mettre	en	avant	selon	
la	pertinence	clinique.	
	
c)	Etudier	la	multiplicité	:	l'intégration	des	médicaments	concomitants	
Les	 réflexions	 sur	 la	 prise	 en	 compte	 de	 la	 concomitance	 se	 retrouvent	 dans	
plusieurs	des	projets	conduits.		
Dans	 le	 cadre	 du	 développement	 d’un	 algorithme	 pour	 identifier	 les	 lignes	 de	
chimiothérapies,	 c’est	 l’approche	 de	 la	 pertinence	 clinique	 qui	 motive	 la	 mise	 en	
place	de	 l’étude.	En	pratique	clinique,	 le	 traitement	est	appréhendé	sous	 forme	de	
protocoles	de	chimiothérapie,	et	non	de	médicaments	individuels.	Or,	les	études	sur	
les	bases	de	données	ne	permettaient	qu’une	description	de	certains	médicaments,	
267 
	
et	le	travail	a	donc	consisté	à	passer	d’une	approche	médicament	vers	une	approche	
«	multi‐	médicaments	»	 et	 «	multi‐ligne	».	 Ces	développements	 ont	 ainsi	 permis	de	
prendre	 en	 compte	 les	 expositions	 concomitantes	 multiples	 et	 de	 proposer	 une	
approche	 standard	 pour	 identifier	 les	 poly‐chimiothérapies	 dans	 les	 bases	 de	
données	de	l’assurance	maladie.	
	
Dans	 le	 cas	des	 interactions	médicamenteuses,	 la	discussion	s’est	 traduite	par	une	
restitution	des	résultats	sous	forme	de	contributions	respectives	des	anticancéreux,	
des	médicaments	de	support,	et	des	autres	médicaments.	La	méthodologie	met	ainsi	
l'accent	sur	les	épisodes	d'exposition	concomitante	multiple	lorsque	l’occurrence	de	
certaines	prescriptions	concomitantes	constitue	un	évènement	d’intérêt.		
	
Une	réflexion	sur	le	rationnel	clinique	a	également	eu	lieu	face	à	l’hétérogénéité	des	
résultats	 suite	 à	 l’étude	multi‐source	 sur	 les	 benzodiazépines.	Malgré	 l’application	
des	mêmes	critères	d’inclusion,	les	populations	finalement	sélectionnées	différaient	
de	 façon	 importante	 selon	 les	pays.	Des	pratiques	de	prescriptions	différentes	ont	
ainsi	 conduit	 à	 différentes	populations	 exposées,	mais	 aussi	 à	 différents	profils	 de	
médicaments,	 ce	 qui	 suggère	 que	 ces	 éléments	 doivent	 être	 discutés	 au	 vu	 du	
contexte	de	l'étude	pharmacoépidémiologique.	
	
1. Importance	 of	 the	 knowledge	 of	 secondary	 data	 sources	
and	data	exploration	to	reduce	potential	for	bias		
At	the	beginning	date	of	this	thesis,	 there	has	been	no	detailed	description	of	drug	
data	or	methodological	guidance	concerning	studies	on	drug	use	within	the	French	
health	 insurances	 databases.	 In	 addition,	 the	 complexity	 and	 the	 multiple	
particularities	 of	 the	 SNIIRAM	 databases	 were	 likely	 to	 introduce	 bias	 in	
pharmacoepidemiological	 studies.	 The	 first	work	 of	 this	 thesis	 (“Overview	 of	 drug	
data	 within	 French	 health	 insurance	 databases	 and	 implications	 for	
pharmacoepidemiological	 research”),	 intended	 to	 fill	 this	 gap,	 by	 offering	 a	
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comprehensive	 description	 of	 drug	 data	 contained	 in	 the	 French	 health	 insurance	
databases,	 with	 a	 particular	 focus	 on	 gaps	 in	 data	 availability.	 It	 provided	 an	
illustration	of	how	a	priori	knowledge	of	data	sources	content	can	help	 to	 identify	
and	limit	sources	of	bias	in	drug	exposure	measurement.	
Through	 this	 thesis,	 the	 importance	 of	 data	 validity	 when	 implementing	
epidemiological	 or	 pharmacoepidemiological	 studies	 has	 been	 particularly	
highlighted,	 especially	 for	 gaps	 in	 data	 availability	 and	 choice	 of	 drug	 or	 disease	
codes.	 The	 majority	 of	 algorithms	 for	 disease	 identification	 used	 diagnosis	 codes	
from	 the	 PMSI,	 sometimes	 in	 combination	 with	 long‐term	 conditions	 (ALD).	
However,	 the	 use	 of	 some	 drugs	 as	 a	 proxy	 for	 specific	 diseases	 is	 sometimes	
applied.	 In	 particular,	 an	 adaptation	 of	 the	 Charlson’s	 score	 for	 the	 SNIIRAM	
databases	86	used	the	concept	of	“pack	size”	for	oral	antidiabetic	medications,	which	
list	(when	expressed	as	CIP	codes),	is	prone	to	change	over	time.	Finally,	in	the	same	
way	 as	 for	 drug	 exposure,	 all	 methods	 employing	 specific	 drugs	 for	 comorbidity	
ascertainment	or	as	a	proxy	for	the	occurrence	of	specific	events	would	be	affected	
by	the	issues	in	data	availability	described	in	chapter	1.	In	addition,	the	relevance	of	
drug	exposure	measurement	and	in	particular	external	validity	 is	conditioned	by	a	
proper	selection	of	 the	 target	population.	Misclassification	bias	 (i.e.	 including	 false	
myeloma	 patients)	 could	 introduce	 confusion	 and	 irrelevant	 results.	 In	
administrative	 databases,	 this	 selection	 is	 realized	 on	 the	 basis	 of	 case	 definition	
algorithms.	 The	 complementary	 paper	 then	 consisted	 in	 a	 validation	 of	 the	
algorithm	used	in	three	projects	(“Identifying	multiple	myeloma	patients	using	data	
from	the	SNIIRAM	and	the	PMSI:	validation	using	the	Tarn	cancer	registry”).		
 Integrating	a	priori	knowledge	in	further	studies	a)
The	 findings	 of	 the	 review	 on	 drug	 data	 availability	 were	 used	 to	 support	
methodological	 design	 of	 the	 remaining	 studies.	 The	 issue	 of	 immeasurable	 time	
during	 hospitalization	 developed	 through	 the	 project	 presented	 at	 chapter	 3	 is	
discussed	 in	the	 first	chapter	on	drug	data	availability.	This	consideration	has	also	
been	 integrated	 during	 the	 design	 of	 the	 algorithm	 for	 identifying	 treatment	 lines	
(chapter	4).	
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 Raising	 the	 researchers	 attention	 on	 the	 impact	 of	b)
immeasurable	time	bias	
The	first	paper	emphasised	the	importance	of	gaps	in	data	availability,	in	particular	
during	hospital	stays.	Through	the	work	on	the	“Impact	of	unobservable	time	bias	on	
risk	estimates”,	 the	 third	paper	highlighted	 the	need	 to	 take	account	 the	 impact	of	
unobservable	 exposure	 periods	 on	 risk	 estimates.	 Furthermore,	 it	 underlines	 the	
interest	 of	 modelling	 unobservable	 periods	 for	 a	 better	 description	 of	 the	 time	
course	of	drug	exposure.		
 Rehabilitating	 exploratory	 data	 analysis	 in	c)
hypothesis‐testing	 studies:	 Importance	 of	 exploring	
observed	data	 to	 increase	 the	relevance	of	drug	exposure	
modelling.	
This	 issue	 was	 retrieved	 in	 different	 projects.	 First,	 as	 a	 complementary	
consideration	 of	 the	 project,	 a	 method	 for	 the	 identification	 of	 gaps	 in	 data	
availability	in	extracted	data	is	proposed	in	chapter	1	(checklist).	During	the	project	
on	 benzodiazepines	 (chapter	 2),	 the	 interest	 of	 testing	 the	 relevance	 of	 the	 time‐
dependent	approach	using	a	graphical	approach	was	discussed.	
The	 project	 on	 data	 visualization	 (chapter	 6)	 further	 developed	 this	 idea.	 Drug	
exposure	is	traditionally	described	in	terms	of	numbers	of	drug	episodes,	etc.	In	the	
context	 of	 the	 analysis	 of	 large	 datasets,	 it	 is	 difficult	 to	 account	 for	 complex	
treatment	 schemes	 or	 discontinuous	 exposure	 using	 conventional	 descriptive	
statistics.	 Novel	 strategies	 for	 information	 integration	 are	 therefore	 needed.	
Consequently,	 the	 chapter	 6	 was	 designed	 to	 review	 potential	 methods	 for	
visualizing	drug	exposure	episodes	and	to	discuss	their	contribution	for	improving	
study	 design,	 hypothesis	 generation	 or	 testing,	 and	 reporting	 in	
pharmacoepidemiology	 (“Data	 visualization	 for	 drug	 exposure	 in	
pharmacoepidemiology:	 a	 case	 study	 for	 complex	 drug	 regimens	 in	 multiple	
myeloma.”).		
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2. Raising	the	researchers	attention	on	the	impact	of	methods	
chosen	and	bias	affecting	drug	exposure	measurement	
 Documenting	methodological	choices	a)
One	illustration	on	how	the	lack	of	reporting	may	impact	the	usefulness	of	a	study	
was	 encountered	 during	 the	 literature	 review	 for	 the	 project	 on	 benzodiazepines	
and	 mortality	 (chapter	 2,	 page	 109).	 While	 some	 studies	 detailed	 the	 drugs	
considered	 (through	 list	 of	 ATC	 codes	 or	 substance	 names	 list	 90–94,98,101),	 a	 non‐
negligible	number	have	reported	the	exposure	of	interest	under	the	non‐informative	
terms	 such	 as	 “sleeping	 pills”,	 “tranquilizers”	 or	 sleep	 related	 drugs	 95,153–155.	 This	
lack	 of	 information	 does	 not	 enable	 to	 discriminate	 relevant	 drug	 groups:	
benzodiazepines	and	non‐benzodiazepines	drugs	for	instance.		
 Between‐group	 comparisons	 as	 compared	 to	b)
methods	 integrating	 the	 time‐dependent	 nature	 of	 drug	
exposure	
The	work	“Benzodiazepines	and	risk	of	death:	results	from	two	large	cohorts	studies	in	
France	and	UK”	 provides	an	 illustration	of	 the	 impact	of	methodological	 choice	on	
risk	estimates	and	demonstrates	the	interest	of	time‐dependent	exposure	compared	
to	 traditional	 between	 group	 comparison.	 It	 illustrates	 that	 different	methods	 for	
handling	 drug	 exposure	 are	 likely	 to	 produce	 different	 risk	 estimates,	 and	 that	
traditional	 between‐group	 comparisons	 should	 be	 completed	 by	 methods	
integrating	the	time‐	dependent	nature	of	drug	exposure.	
 Methods	 integrating	 immeasurable	 exposure	c)
periods	versus	those	ignoring	it		
The	work	presented	at	chapter	3,	“Unobservable	drug	exposure	due	to	hospitalization	
in	medico‐administrative	databases:	which	impact	for	Pharmacoepidemiology	studies”	
illustrated	 the	 differences	 between	 methods	 integrating	 immeasurable	 exposure	
periods	and	those	ignoring	it.		
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 Impact	 of	 computation	 parameters,	 a	 neglected	d)
aspect		
Through	 the	 multisource	 study	 (chapter	 2),	 the	 impact	 of	 computation	 has	 been	
particularly	discussed.	Indeed,	a	detailed	protocol	is	not	sufficient	to	set	all	possible	
choices	 for	 the	 analysts.	 During	 this	 thesis,	 different	 tools	 supporting	 the	 idea	 of	
reproducible	research	were	implemented.	The	concept	of	literate	programming	was	
developed	by	Knuth.	"The	main	idea	is	to	regard	a	program	as	a	communication	to	
human	beings	rather	than	as	a	set	of	instructions	to	a	computer."	Providing	raw	data	
does	 not	 enable	 to	 reproduce	 the	 results	 as	 statistical	 codes,	 minor	 choices	
contribute	 to	 variability	 and	 divergence	 of	 possible	 results.	 Thus,	 tools	 such	 as	 R	
Markdown,	 Sweave	 156,157	 were	 used	 to	 join	 statistical	 outputs	 with	 their	
corresponding	computing	code.		
3. Role	 of	 pharmacological	 and	 clinical	 rationale	 for	
etiologically‐compatible	modelling	and	proper	 interpretation	of	
the	results	
 Choosing	 the	 drugs	 of	 interest:	 therapeutic	 and	a)
regulatory	 perspective	 versus	 pharmacological	 approach	
(case	 of	 other	 benzodiazepines	 tetrazepam	 and	
clonazepam)	
The	choice	of	 the	drugs	of	 interest	 for	the	study	on	benzodiazepines	and	mortality	
was	 subjected	 to	 a	discussion.	 From	a	pharmacological	point	of	 view,	 all	 potential	
benzodiazepines	should	be	included.	However,	from	a	regulatory	point	of	view,	the	
conclusions	 should	be	made	on	 the	basis	 of	 the	 list	 of	 approved	drugs	 for	 anxiety	
and	 insomnia	 (ATC	 codes	 N05BA‐CD‐CF),	 thus	 excluding	 clonazepam	 and	
tetrazepam	 which	 are	 classified	 elsewhere	 (with	 antiepileptics	 for	 clonazepam	
(N03)	and	with	myorelaxants	 for	tetrazepam	(M03B)).	Our	proposal	was	to	model	
separately	 these	 drugs	 and	 to	 include	 them	 in	 the	 analysis.	 This	 discussion	 was	
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illustrative	of	the	potential	pitfalls	of	investigations	focused	on	selected	ATC	classes	
without	proper	pharmacological	discussion.		
 Choosing	 a	 comparator	 for	 studying	a)
benzodiazepines‐related	mortality	
In	contrast	to	many	other	cohort	studies,	the	study	on	benzodiazepines	integrated	a	
second	control	group	in	addition	to	non‐users.	In	order	to	minimize	indication	bias,	
non‐users	are	not	the	best	controls.	The	“best	controls”	would	be	patients	who	have	
a	 similar	 baseline	 risk,	 and	 who	 would	 be	 likely	 to	 receive	 benzodiazepines,	
nevertheless	did	not	 receive	 it.	 Finally,	users	of	non‐benzodiazepine	anxiolytics	or	
antidepressants	 were	 selected.	 Antidepressants	 have	 distinct	 indications	 from	
anxiolytics,	 however,	 in	 practice,	 they	 are	 often	 co‐prescribed,	 frequently	 on	 the	
same	 day.	 In	 final,	 users	 of	 antidepressants	 were	 hypothesized	 to	 be	 sufficiently	
similar	with	benzodiazepine	users.	A	propensity	score	adjustment	was	planned,	but	
not	maintained	in	the	analysis	as	the	comparability	between	the	groups	revealed	to	
be	very	 satisfying,	making	 the	propensity	 score	 adjustment	not	very	useful	 in	 this	
case.		
A	 discussion	 on	 comparators	 for	 the	 relation	 between	 benzodiazepines	 and	 hip	
fracture	 could	 provide	 useful	 insight	 in	 this	 area	 38.	 In	 our	 study,	 we	 focused	 on	
anxiety	 and	 hypnotic	 indications,	 whereas	 the	 “OMOP‐accepted	 indications	 for	
benzodiazepines	 included	 alcohol	 withdrawal	 delirium,	 alcoholism,	 anxiety	
disorders,	bipolar	disorder,	depressive	disorder,	duodenal	ulcer,	muscle	 spasticity,	
neuralgia	partial	and	absence	epilepsy,	panic	disorder,	psychotic	disorders,	restless	
legs	 syndrome,	 schizophrenia,	 sleep	 disorders,	 status	 epilepticus,	 substance	
withdrawal,	tic	disorders,	and	vomiting”.		
The	constraints	for	choosing	a	control	group	were	quite	similar	with	our	approach	
(“drugs	considered	as	comparators	sharing	an	indication	with	benzodiazepines,	but	
not	 a	 mechanism	 of	 action”)38.	 Gruber	 et	 al.	 included	 midazolam	 in	 their	 control	
group,	 together	 with	 other	 drugs	 (“hydroxyzine,	 amobarbital,	 chlorazepate,	
midazolam	 (a	 benzodiazepine	 typically	 given	 for	 single‐dose	 or	 very	 short‐term	
use),	 bromodiphenhydramine,	 diphenhydramine,	 methotrimeprazine,	 Kava	
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preparation,	 nortriptyline,	 doxepin,	 buspirone,	 chlorpromazine,	 chlormezanone,	
prochlorperazine,	and	meprobamate”).		
	
 Choosing	 the	 risk	 window	 and	 risk	 function	 for	b)
modelling	
(1) Benzodiazepines: accumulated use or current use? 
Risk	function	was	based	on	pharmacological	properties	of	the	benzodiazepines.	The	
issue	 of	 all‐cause	mortality	 as	 hypothesized	 to	 be	 a	 short‐term	effect,	 in	 the	 same	
way	 as	 the	 risk	 function	 for	 falls	 or	 injuries	 following	 benzodiazepines	 intake.	
Conversely,	the	issue	of	dementia	has	been	investigated	on	an	accumulated	duration	
basis,	in	relation	with	distinct	mechanisms	of	actions.	Sometimes,	the	risk	function	is	
not	known,	and	should	be	investigated	in	dedicated	studies	158.	
The	 high	 crude	 mortality	 hazards	 observed	 in	 our	 study	 are	 consistent	 with	
previous	findings	in	the	literature,	including	those	from	a	recently	published	cohort	
study	using	the	same	data	source	(CPRD)94.	Although	an	increased	risk	of	death	was	
observed	in	the	two	cohorts,	the	plausibility	of	a	causal	effect	must	be	considered.	In	
our	 study,	 the	mortality	 risk	 was	 significantly	 increased	 earlier	 after	 exposure	 in	
new	users	 in	both	sources.	These	results	are	more	 in	 line	with	a	 short‐term	effect	
rather	 than	 with	 a	 cumulative	 effect,	 by	 contrast	 with	 results	 of	 two	 recent	
studies90,94.	The	choice	of	the	outcome	in	our	study	is	consistent	with	the	underlying	
pharmacological	 mechanism	 of	 a	 benzodiazepine‐related	 acute	 or	 sub‐acute	
mortality,	 and	 could	 even	 be	 shortened	 in	 further	 studies.	 Actually,	 high	 risks	
reported	 with	 longer	 use	 should	 be	 attributed	 to	 indication	 bias.	 Additionally,	
decrease	of	risk	over	time	could	be	explained	by	tolerance	to	the	sedative	effect	of	
benzodiazepines	among	survivors6,7,94.		
(2) Potential  drug‐drug  interactions  and  choice  of  a 
relevant overlap duration 
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In	this	study,	the	choice	of	overlap	duration	and	period	of	exposure	should	take	into	
account	 the	 residual	pharmacological	 activity	after	 the	 last	day	of	patient’s	 intake.	
For	 instance,	 in	 relation	 with	 their	 long	 duration	 of	 action,	 interactions	 with	
monoamine	oxidase	inhibitors	should	be	considered	up	to	15	days	after	last	intake.	
The	same	problem	needs	to	be	considered	for	long	half‐life	benzodiazepines	(up	to	
21	days).	
(3) Type  of  potential  drug‐drug  interactions  and 
clinical relevance 
The	 area	 of	 drug‐drug	 interactions	 (DDI)	 is	 a	 good	 model	 for	 discussing	 clinical	
relevance	 of	 the	 parameters	 derived	 from	 healthcare	 databases.	 Because	 only	
potential	(pDDI)	and	not	actual	drug‐drug	interactions	were	investigated,	the	choice	
of	the	pDDI	included	is	even	more	crucial:	to	produce	clinically	meaningful	results,	
the	study	has	to	focus	on	a	subset	of	DDI	with	a	known	clinical	impact.	In	this	study,	
this	issue	was	managed	by	stratifying	the	analysis	by	pDDI	type,	and	focusing	on	the	
description	of	contraindicated	and	inadvisable	coprescriptions.	
 Choice	of	the	outcome	c)
This	 area	 falls	 beyond	 the	 scope	 of	 the	 thesis,	 but,	 in	 the	 same	 way	 as	 the	 risk	
period/function	 should	 be	 plausible,	 the	 outcome	 considered	 might	 also	 be	
discussed	in	this	sense	(cause	of	death,	cancer	and	benzodiazepines).	
 Studying	multiplicity:	 integrating	co‐prescribed	and	d)
concomitant	drugs	
(1) Developing  a  better  way  to  model  and  report 
exposure  in  oncology:  moving  from  a  ‘single  drug’ 
approach toward a ‘multidrug, multiline’ perspective 
As	 stated	 in	 the	 introduction,	 the	 pharmacoepidemiology	 of	 cancer	 drugs	 is	
emerging.	In	France,	a	very	little	number	of	work	was	produced.	The	work	“Dealing	
with	complex	treatment	schemes:	 identifying	cancer	treatment	patterns	 in	oncology”,	
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accounts	for	multiple	concomitant	exposure	and	proposes	a	standard	approach	for	
identifying	multidrug	chemotherapy	in	healthcare	databases.		
(2) Case  of  drug  interactions:  role  of  cancer  drugs, 
supportive care and other drugs 
The	methodology	also	focused	on	episodes	of	multiple	concomitant	exposures	when	
occurrences	 of	 specific	 drug‐drug	 pairs	 are	 of	 interest	 (“Analysing	 longitudinal	
exposure	 to	 produce	 automated	 indicators	 on	 contraindicated	 combinations	 and	
potential	drug‐drug	interactions:	Application	using	the	French	medico‐administrative	
database”).	 In	 this	 study,	 prevalence	 of	 contraindicated	 drug	 combinations	 is	
estimated	in	a	population	of	multiple	myeloma	patients.	
 Interpreting	heterogeneous	 results:	 insights	 gained	e)
after	the	multi‐source	study	on	benzodiazepines		
In	spite	of	the	same	inclusion	criteria	applied,	populations	included	in	the	cohorts	in	
each	 country	 exhibited	 different	 demographic	 and	 medical	 characteristics.	 These	
differences	could	be	attributed	to	national	practices.	In	addition,	types	of	drugs	used	
were	 very	 different.	 All	 these	 differences	 were	 discussed	 in	 the	 light	 of	 external	
elements	 from	 the	 literature.	 One	 of	 the	 underlying	 issues	 is	 the	 impact	 of	 the	
context.	Different	prescribing	practices	led	to	different	populations	exposed,	but	also	
to	different	drugs	profiles,	suggesting	that	these	elements	need	to	be	discussed	using	
both	pharmacological	rationale	and	knowledge	of	the	study	context.		
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IX. Perspectives	
	
Résumé	15.	Perspectives	
SUMMARY	IN	FRENCH	
	
 Promouvoir	 l’utilisation	 des	 données	 de	 l’assurance	 maladie	:	
perspectives	
Le	premier	projet	a	permis	d’offrir	un	aperçu	des	données	sur	les	médicaments	au	
sein	des	bases	de	données	de	l’assurance	maladie,	ainsi	que	les	implications	pour	la	
validité	et	l’exhaustivité	des	données.	En	ce	sens,	il	fournit	une	référence	utile	pour	
les	 lecteurs	 internationaux.	 Cependant,	 d'autres	 considérations	 méthodologiques	
n’ont	 pu	 être	 intégrées	 dans	 le	 cadre	 d'une	publication	 internationale	 (limitations	
liées	 au	 nombre	 de	 mots,	 adaptation	 au	 lectorat	 international,	 etc.),	 telles	 que	
l'identification	exacte	du	nom	des	tables	ou	des	variables.	Dans	le	cadre	des	travaux	
de	 thèse,	 cet	 article	 a	 constitué	 un	 point	 de	 départ	 aux	 investigations	
complémentaires	sur	les	périodes	inobservables	ou	sur	la	reconstitution	des	cycles	
de	 chimiothérapie.	 Cependant,	 la	 connaissance	 préalable	 de	 la	 source	 de	 données	
représente	seulement	une	étape	de	la	démarche	d’analyse	des	données,	et	beaucoup	
d’éléments	supplémentaires	nécessitent	d’être	pris	en	considération.	
Dans	le	cadre	de	développements	ultérieurs,	il	est	prévu	de	rédiger	des	documents	
pour	 conduire	 une	 analyse	 de	 données	 dans	 les	 bases	 de	 données	 de	 l’assurance	
maladie.	L'objectif	est	de	fournir	une	série	étendue	de	points	de	contrôles	simples,	
mais	 systématiques,	 qui	 pourraient	 prévenir	 la	 survenue	 d’erreurs	 ou	 de	 biais	
(spécification	pour	l'extraction	de	données,	vérification	des	données	extraites,	ou	la	
définition	 d'un	 ensemble	 minimal	 d’indicateurs	 d'exposition	 à	 rapporter	 dans	 le	
cadre	 d’une	 étude	 longitudinale).	 Selon	 K.	 Fairman159,	 la	 majorité	 des	 erreurs	
survenant	 dans	 le	 cadre	 de	 l’analyse	 de	 données	 secondaires	 sont	 évidentes,	 et	
pourraient	 être	 évitées	 en	 utilisant	 de	 simples	 tableaux	 de	 fréquences.	 De	 plus,	
comme	discuté	au	cours	du	chapitre	6	(page	210),	des	outils	visuels	pourraient	être	
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d'un	 intérêt	 particulier	 pour	 ces	 étapes	 de	 validation.	 Ainsi,	 ces	 divers	 outils	
pourraient	être	réunis	dans	un	tableau	de	bord,	qui	résumerait	les	caractéristiques	
de	 l’exposition	 au	 niveau	 populationnel,	 et	 pourrait	 permettre	 d’identifier	
d’éventuels	problèmes	 liés	aux	données.	Les	 futurs	travaux	autour	de	 la	qualité	de	
l'analyse	des	données	de	l'assurance	maladie	prévoient	ainsi	d’intégrer	à	la	fois	des	
considérations	méthodologiques	et	des	étapes	d’exploration	des	données.	Une	veille	
sera	effectuée	pour	prendre	en	compte	l’apport	des	initiatives	existantes	et	à	venir,	
comme	par	exemple	les	apports	effectifs	du	réseau	REDSIAM	160	dans	la	promotion	
d’une	utilisation	rationnelle	des	données	pour	l’identification	de	pathologies	ou	des	
évènements,	 et	 ce,	 en	 fonction	 des	 objectifs	 poursuivis	 (enquête	 de	 prévalence,	
risque	 et	 algorithmes	 de	 définition	 des	 incidents,	 etc.).	 Une	 attention	 toute	
particulière	sera	également	portée	au	support	proposé	à	l’issue	de	l'enquête	réalisée	
par	 l'INSERM	 sur	 les	 attentes	 des	 chercheurs	 concernant	 les	 données	 en	 santé.	
L’INSERM	prévoit	en	effet	la	création	d’une	infrastructure	de	service,	accompagnée	
d’un	 «	support	 et	 un	 partage	 de	 documentation	 sur	 les	 aspects	 réglementaire,	
juridique,	 éthique,	 technico‐scientifique,	 et	 en	 data	 management	 et	 système	
d’information	»	161.	
	
 Impact	des	 choix	méthodologiques	et	des	biais	affectant	 la	mesure	de	
l'exposition	au	médicament	:	développements	prévus	
	
Projet	en	cours	pour	faciliter	la	prise	en	compte	des	périodes	inobservables	
L’étude	 présentée	 au	 chapitre	 3	 a	 permis	 de	 mettre	 en	 évidence	 l’impact	 des	
périodes	 inobservables.	 Cependant,	 elle	 ne	 fournissait	 pas	 de	 solution	 générique	
pour	aider	à	prendre	en	compte	ce	biais	au	sein	des	bases	de	données	de	l’assurance	
maladie.	
Un	projet	en	cours	consiste	donc	à	mettre	au	point	un	ensemble	de	programmes	SAS	
pour	combler	ce	défaut	et	intégrer	un	ensemble	d’étapes	prédéfinies	pour	effectuer	
un	 diagnostic	 de	 l’ampleur	 des	 périodes	 inobservables	 au	 sein	 d’une	 base	 de	
données	 et	 faciliter	 la	 mise	 en	 œuvre	 d’analyses	 de	 sensibilité	 pour	 contrôler	 ce	
279 
	
biais.	Cet	outil	fournirait	des	statistiques	descriptives	sur	les	périodes	inobservables.	
Sur	 la	 base	 des	 informations	 fournies,	 les	 utilisateurs	 pourraient	 alors	 évaluer	
l'exposition	 au	 traitement	 et	 ses	 effets	 sous	 diverses	 hypothèses	 et	 d'examiner	
l'impact	 potentiel	 sur	 les	 résultats	 de	 l'étude.	 La	 macro	 permettra	 également	
d'examiner	visuellement	les	trajectoires	individuelles	de	patients.		
	
a)	 Evaluer	 l’impact	 des	 périodes	 inobservables	 dans	 d’autres	 schémas	
d’étude	
Au	 cours	 de	 la	 première	 étude	 de	 cas	 sur	 les	 périodes	 inobservables,	 l’étude	
d’impact	 a	 été	 effectuée	 sur	 un	 schéma	 d’étude	 de	 type	 suivi	 de	 cohorte.	 Or,	 la	
problématique	pourrait	se	révéler	légèrement	différente	dans	le	cas	des	études	cas‐
témoins.	Nous	prévoyons	donc	d’étudier	cette	question	à	partir	des	données	d’une	
autre	 étude	 de	 type	 cas‐témoins	 niché,	 en	 prenant	 comme	 modèle	 le	 cas	 de	 la	
survenue	 d’infections	 sévères	 suite	 à	 l’exposition	 aux	 corticoïdes	 dans	 la	
thrombopénie	 immunologique.	 En	 effet,	 à	 l’issue	 des	 premières	 investigations	
menées	158,	la	présence	d’une	hospitalisation	dans	les	7	jours	précédant	la	date	index	
était	 associée	 à	 la	 survenue	 d’une	 infection	 sévère,	 rendant	 ce	 contexte	
particulièrement	intéressant	pour	étudier	l’impact	des	périodes	inobservables.		
	
A. Pour	une	modélisation	plus	pertinente	:	perspectives	sur	la	prise	
en	compte	des	expositions	concomitantes	
	
1. Développement	d’une	approche	pour	modéliser	et	décrire	
l’exposition	en	oncologie		
Dans	 un	 article	 publié	 en	 2010,	 Turesson	 et	 al.	 71	 mettait	 déjà	 l’accent	 sur	 les	
difficultés	croissantes	d’établir	des	comparaisons	de	survie	 fiables	compte	 tenu	de	
l’accroissement	 de	 la	 diversité	 des	 médicaments	 et	 des	 protocoles	 de	
chimiothérapies	 proposés,	 et	 de	 la	 variabilité	 des	 séquences	 selon	 les	 patients.	
Pouvoir	disposer	de	l’historique	complet	des	lignes	de	traitement	reçu	pourrait	être	
particulièrement	 contributif	 dans	 la	 perspective	 d’études	 d’efficacité	 comparative	
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(Comparative	Effectiveness	Research,	CER).	Dans	le	domaine	du	cancer,	on	retrouve	
les	initiatives	nord‐américaines	issues	de	la	base	SEER.	Des	études	comparatives	ont	
par	 exemple	 été	 menées	 dans	 le	 lymphome	 B	 162.	 Pour	 ce	 qui	 est	 des	 bases	 de	
données	françaises,	les	expériences	d’efficacité	comparative	restent	encore	limitées	
163,164.		
A	l’aide	des	trajectoires	reconstituées,	on	peut	également	envisager	de	disposer	d’un	
outil	précieux	d’étude	des	pratiques	et	d’étudier	certains	effets	à	long	terme,	comme	
la	 survenue	 de	 seconds	 cancers	 après	 exposition	 au	 lénalidomide.	 La	 possibilité	
d’études	médico‐économiques	selon	les	trajectoires	peut	également	être	envisagée,	
à	l’image	d’initiative	déjà	menée	pour	le	myélome	165.	Les	possibilités	offertes	par	ce	
type	de	données	et	la	génération	de	«	full	disease	models	»	sont	également	illustrées	
par	la	publication	de	Cid	Ruzafa	et	al72.	
	
a)	 Après	 l’identification:	prendre	 en	 compte	 les	 trajectoires	d’exposition	
dans	l’analyse		
Le	projet	présenté	au	chapitre	4	permet	de	démontrer	la	faisabilité	de	reconstituer	
des	cycles	complexes	de	traitement	en	hématologie	à	partir	des	données	du	DCIR	et	
du	PMSI	MCO.	 Il	offre	ainsi	 la	possibilité	de	reconstituer	avec	un	niveau	de	 finesse	
très	 important	 les	 lignes	 de	 traitement	 reçues.	 Une	 des	 questions	 qui	 se	 pose	 est	
l’intégration	de	 ces	 trajectoires	pour	modéliser	 l’exposition	dans	 le	 cadre	d’études	
étiologiques.	 Cette	 intégration	 est	 hors	 du	 champ	 des	 travaux	 de	 thèse,	 mais	 on	
pourra	 cependant	 citer	 plusieurs	 travaux	 utiles	 pour	 résoudre	 cet	 aspect.	 Un	
exemple	 de	 stratégies	 analytiques	 possibles	 pour	 prendre	 en	 compte	 les	
changements	de	lignes	dans	le	cadre	du	myélome	peut	ainsi	être	cité166.	
Dans	le	cadre	des	études	d’efficacité	en	vie	réelle,	l’intérêt	des	modèles	d’équations	
structurelles,	qui	permettent	d’ajuster	les	relations	dynamiques	entre	les	différentes	
lignes	de	traitement,	est	également	rappelé167.		
	
b)	 Identifier	 les	 lignes	 de	 chimiothérapies	:	 quelle	 transférabilité	 aux	
autres	cancers	et	hémopathies	malignes	?	
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La	 question	 de	 la	 transférabilité	 de	 cet	 algorithme	 est	 essentielle.	 C’est	 la	
représentation	 des	 médicaments	 de	 rétrocession	 ou	 en	 sus	 dans	 les	 différents	
protocoles	 de	 chimiothérapie	 qui	 va	 déterminer	 la	 capacité	 à	 discriminer	 ces	
protocoles	entre	eux,	la	transférabilité	n’est	a	priori	pas	assurée	pour	l’ensemble	des	
cancers	et	des	hémopathies	malignes.		
	
L’adéquation	peut	être	vérifiée	à	partir	de	la	liste	et	de	la	nature	des	protocoles	de	
chimiothérapie	 indiquées	 dans	 l’affection	 d’intérêt.	 Un	 protocole	 de	 vérification	
permettrait	de	confronter	la	liste	des	médicaments	à	la	liste	de	spécialité	en	sus	ou	
de	 rétrocession,	 et	 de	 confirmer	 ou	 non	 leur	 caractère	 observable	 lors	 des	
hospitalisations.	Une	 liste	des	combinaisons	pouvant	être	distinguée	pourrait	alors	
être	 établie.	 En	 fonction	 de	 l’étendue	 des	 protocoles	 pouvant	 être	 discriminés	 ou	
non,	 l’investigateur	pourrait	prendre	 la	décision	de	chercher	ou	non	à	reconstituer	
les	 trajectoires	 de	 traitement	 de	 chimiothérapie	 reçues	 dans	 l’affection	 d’intérêt	 à	
partir	des	bases	de	données	de	l’assurance	maladie.		
	
2.	 Reconstituer	 les	 épisodes	 de	 concomitance	:	 perspectives	 de	
développement	de	l’outil	de	détection	des	interactions	médicamenteuses		
L’outil	 d’identification	des	 interactions	présenté	 au	 chapitre	5	 (page	175)	offre	un	
cadre	général	pour	la	mise	en	œuvre	d’études	sur	les	interactions	médicamenteuses	
à	partir	des	bases	de	données	de	 l'assurance	maladie.	Le	modèle	utilisé	ne	permet	
sans	 doute	 pas	 de	montrer	 tout	 le	 potentiel	 d’identification	 en	 lien	 avec	 la	 faible	
diversité	 des	médicaments	 anticancéreux	utilisés.	De	 futures	 études	 conduites	 sur	
des	 échantillons	 plus	 larges	 (extractions	 nationales)	 et	 portant	 sur	 des	 classes	
potentiellement	 plus	 pourvoyeuses	 d’interactions	 (inhibiteurs	 de	 tyrosine	 kinases	
par	exemple)	pourraient	être	pertinentes	et	générer	des	données	dans	un	contexte	
peu	 exploré	 des	 pratiques	 de	 prescriptions	 chez	 les	 patients	 exposés	 aux	
médicaments	anticancéreux.		
De	façon	générale,	à	partir	du	thesaurus	complet,	des	études	dédiées	pourront	être	
conduites	 sur	 des	 populations	 ciblées,	 accompagnées	 éventuellement	 d’une	
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recherche	 de	 la	 survenue	 d’événements	 spécifiques,	 permettant	 d’apporter	 des	
éléments	 qualitatifs	 réellement	 contributifs.	 Les	 résultats	 générés	 par	 cet	 outil	
pourraient	 permettre	 d’accroître	 les	 connaissances	 concernant	 les	 interactions	
médicamenteuses.	 Il	 est	 prévu	 de	 mettre	 à	 jour	 cet	 outil	 chaque	 année,	 et	 de	 le	
rendre	 disponible	 sous	 une	 forme	 permettant	 une	 traçabilité	 très	 fine	 des	
modifications	 apportées	 (https://github.com/),	 de	 la	même	 façon	que	 ce	qui	 a	 été	
proposé	 par	 C.	 Le	 Cossec	 et	 A.	 Filipovic‐Pierucci	 pour	 les	 indicateurs	 de	
polymédication	dans	le	SNIIRAM	168,169.		
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A. Knowledge	of	secondary	data	
sources	and	data	exploration:	
perspectives	and	future	research	
The	 first	work	of	 this	 thesis	offered	a	 comprehensive	analysis	of	drug	data	within	
health	 insurance	 databases,	 together	 with	 implications	 for	 drug	 exposure	
completeness	and	study	validity,	in	the	context	of	the	growing	use	of	secondary	data	
sources	for	pharmacoepidemiological	research.	In	this	sense,	it	should	be	useful	for	
presenting	the	database	to	international	researchers.		
However,	further	methodological	considerations	could	not	be	described	or	analysed	
properly	 in	 conventional	 articles	 and	 in	 the	 context	 of	 an	 international	 peer‐
reviewed	publication	(word	 limits,	adaptation	 to	an	 international	readership,	etc.).	
Further	technical	elements	would	have	been	necessary	to	complete	this	overview,	in	
particular	for	the	French	readership,	such	as	identification	of	the	table	name,	exact	
label	of	the	variables,	etc.	These	elements	were	provided	in	the	thesis	manuscript.		
In	 final,	 in	 the	 context	 of	 the	 thesis,	 it	 represents	 an	 important	 basis,	 but	 prior	
knowledge	of	the	data	source	is	only	one	of	the	steps	of	the	data	analysis	workflow,	
and	a	lot	of	additional	elements	have	to	be	considered.		
Then,	 in	 line	 with	 the	 first	 work	 on	 data	 sources,	 further	 elements	 would	 be	 of	
interest	 to	 reduce	 potential	 for	 errors	 and	 increase	 the	 transparency	 and	
reproducibility	 of	 database	 studies.	 As	 a	 further	 development,	 writing	 of	 quality	
control	document	is	planned.	The	final	objective	is	to	provide	an	extended	series	of	
simple	 but	 systematic	 checks	 that	 could	 prevent	 essential	 of	 errors.	 This	 element	
would	include	for	instance	working	on	defining	clear	data	extraction	specifications	
(what	does	criteria	such	as	“all	long‐term	condition	for	the	code	XX.X	from	2010	to	
2015”	 mean	 exactly?),	 checking	 incoming	 data,	 or	 defining	 a	 minimal	 set	 of	
indicators	of	exposure	to	be	reported.		
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It	could	be	argued	that	such	errors	are	improbable,	but,	as	developed	by	K.	Fairman,	
the	 majority	 of	 errors	 are	 obvious,	 and	 might	 be	 avoided	 by	 using	 simple	 cross‐	
tabulation	 checks.	 In	 the	 “Guidelines	 for	 Good	 Database	 Selection	 and	 use	 in	
Pharmacoepidemiology	 Research”,	 Hall	 et	 al.	 have	 integrated	 a	 checklist	 for	
investigators	in	database	research.	This	checklist	included	a	section	on	“quality	and	
validation	 procedures”	 and	mentioned	 the	 need	 for	 quality	 checks.	 This	 principle	
has	also	been	stated	by	Hennessy	S	et	al.	170,	who,	after	conducting	an	analysis	of	the	
integrity	 of	 US	 Medicaid	 claims	 databases,	 concluded	 that	 “Whenever	 possible,	
investigators	 using	 administrative	 data	 should	 perform	 macro‐level	 descriptive	
analyses	 on	 the	 parent	 data	 set.	 In	 particular,	 researchers	 should	 examine	 the	
number	of	medical	and	pharmacy	claims	over	time,	looking	for	gaps”.	
As	demonstrated	in	the	section	on	“Ascertaining	longitudinal	availability”	of	chapter	
6	(page	225)	,	visual	tools	could	be	of	particular	interest	for	these	validation	steps,	
and	 further	 work	 on	 the	 quality	 of	 data	 analysis	 workflow	 using	 French	 health	
insurance	database	will	integrate	a	set	of	visual	tools.		
Thus,	 these	 various	 tools	 could	 be	 combined	 in	 a	 dashboard	 that	 summarizes	 the	
characteristics	of	drug	exposure	at	the	population	level,	and	could	identify	potential	
problems.	Future	work	around	 the	quality	of	 the	analysis	of	health	 insurance	data	
and	 data	 will	 integrate	 both	 methodological	 considerations	 and	 steps	 of	 data	
exploration.		
Particular	attention	will	be	made	to	the	integration	of	existing	and	future	initiatives,	
such	as	the	actual	contributions	of	REDSIAM	network	160	in	promoting	the	validation	
and	 reporting	 of	 cases	 findings	 algorithms,	 adapted	 to	 different	 objectives	
(prevalence	survey,	defining	incidents,	etc.).	Particular	attention	will	also	be	paid	to	
the	 proposed	 support	 after	 the	 survey	 conducted	 by	 INSERM	 on	 researchers'	
expectations	on	health	data.	 Indeed,	 INSERM	 is	planning	 to	 establish	 a	 service	 for	
sharing	 of	 documentation	 on	 regulatory	 aspects,	 legal,	 ethical,	 scientific,	 technical,	
and	data	management	and	information	systems"161.	
	
285 
	
B. Impact	of	methods	chosen	and	
bias:	developments	planned	
1. Future	 research	 on	 integrating	 immeasurable	 exposure	
periods		
Through	 our	 case	 study,	 we	 demonstrate	 how	 assumptions	 concerning	 inpatient	
exposure	to	account	for	periods	of	immeasurable	time	can	impact	risk	estimate	in	a	
cohort	 study.	 The	 bias	 generated	 by	 the	 failure	 to	 take	 account	 of	 these	
immeasurable	periods	may	be	problematic	in	studies	focused	on	long‐term	exposure	
or	 on	 chronic	 diseases	 requiring	 hospitalization	 56.	 As	 our	 strategy	was	 based	 on	
case	study,	it	raises	awareness	on	the	possible	impact	of	unobservable	time	bias	but	
does	not	provide	a	general	answer	to	this	issue,	and	the	impact	in	other	contexts	is	
prone	to	vary.	
In	 further	 work,	 we	 will	 then	 try	 to	 develop	 a	 framework	 for	 identifying	 and	
modelling	 these	 periods	 in	 the	 particular	 context	 of	 French	 health	 insurance	
databases.		
The	 objective	 is	 to	 provide	 a	 framework	 for	 accounting	 immeasurable	 time	 in	
French	health	 insurance	database	through	the	development	of	a	SAS	macro.	These	
SAS	 programs	 are	 intended	 to	 fill	 this	 gap	 and	will	 integrate	 a	 set	 pre‐computed	
steps	for	providing	a	diagnosis	of	the	magnitude	of	unmeasurable	time	in	the	dataset	
and	 facilitating	 the	 implementation	 of	 sensitivity	 analyses	 to	 control	 this	 bias	 is	
currently	 under	 development.	 The	 macros	 compute	 descriptive	 statistics	
immeasurable	periods,	as	well	as	the	number	of	periods	during	follow‐up.	Based	on	
the	 macros’	 output,	 researchers	 will	 assess	 treatment	 exposure	 and	 treatment	
effects	under	various	assumptions	56and	examine	potential	impact	on	study	results.	
The	macro	also	permits	to	visually	examine	individual	trajectories.		
To	 use	 the	macro,	 the	 following	macro‐variables	 should	 be	 set	 by	 the	 user:	 study	
start	and	study	end	(date	format),	 the	name	of	 the	dataset	containing	drug	data	of	
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interest	(with	drugs	identified	using	ATC	or	CIP	code)	and	the	name	of	the	data	set	
for	hospital	episode	(PMSI	MCO	or	appended	episodes).	The	data	set	of	drugs	should	
contain	start	and	end	of	the	drug	episode	(might	be	set	to	30	days	by	default),	and	
specify	 the	name	of	 these	variables.	Users	will	also	need	to	specify	 the	name	of	an	
additional	SAS	data	set	containing	the	following	variables:	patients	ID,	index	date,	an	
event	indicator	(1=event,	0=	censoring),	the	name	of	the	group	variable	(drug	class	
for	instance).		
Table	5.	Proposed	steps	for	implementing	a	strategy	for	accounting	for	
immeasurable	time	bias.	
Proposed	steps	for	implementation	
Check	drug	of	interest	against	list	of	costly	drugs	to	confirm	its	status	
(immeasurable)	
Create	an	unique	dataset	with	drug	and	hospital	episodes	
Deal	with	duplicate,	embedded	or	overlapping	hospital	episodes	
Create	mutually	exclusive	sequences		
Display	descriptive	statistics	(person	years)	
Different	approaches	to	account	for	unobservable	exposure	time.	
 generate	flags	for	excluding	patients	with	unobservable	time	prior	to	index	
date	
 adjust	for	immeasurable	time	or	censor	analyses	at	the	start	of	immeasurable	
exposure	period	(hospital	entry)		
 compute	the	number	of	observable	days	and	number	under	prespecified	
threshold	
 Use	the	number	of	observable	days	as	a	covariate.	
 make	assumption	on	exposure	during	hospitalization	
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2. Investigating	impact	of	immeasurable	time	bias	in	another	
design	
In	addition	 to	 the	 first	 investigation	using	a	 cohort	design,	we	will	use	a	model	of	
nested	 case	 control	 study	 and	 investigate	 whether	 corticosteroid	 risk	 function	 of	
severe	 infection	 in	 primary	 immune	 thrombocytopenia	 adults	 is	 impacted	 by	
immeasurable	time	bias	in	hospitalization.	In	the	first	analyses	implemented	158,	the	
occurrence	 of	 a	 hospitalization	 of	 at	 least	 7	 days	 between	 start	 of	 follow‐up	 and	
index	 date	 was	 independently	 associated	 with	 severe	 infection	 occurrence,	 thus	
making	this	context	appropriate	to	conduct	another	case	study.		
C. Etiologically‐compatible	
modelling:	further	perspectives	on	
integrating	concomitant	drugs	
1. Developing	a	better	way	 to	model	and	report	exposure	 in	
oncology	
According	 to	 Turesson	 et	 al.	 “Given	 that	 the	 treatment	 strategies	 for	 MM	 are	
currently	changing	and	newer	therapies	are	commonly	used	at	disease	progression,	
most	patients	with	MM	will	eventually	receive	all	available	novel	drugs;	mainly,	the	
sequence	 of	 different	 regimens	 will	 vary.	 Consequently,	 it	 will	 become	 harder	 to	
establish	 survival	 differences	 between	 deﬁned	 induction,	 consolidation,	 and	
maintenance	therapies	in	the	future	71”.	The	ability	to	build	complete	drug	history	of	
drug	regimens	would	be	then	very	contributive	regarding	this	issue.	
The	algorithm	described	at	chapter	4	is	intended	to	be	used	in	further	comparative	
safety	or	effectiveness	research	or	to	investigate	issues	on	treatment	and	survival	in	
multiple	myeloma	 patients,	 taking	 account	 of	 the	 nature	 and	 number	 of	 previous	
treatment	lines	and	treatment	duration.	Using	these	trajectories	will	enable	to	build	
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full‐disease	model	increase	the	knowledge	of	current	practices,	or	to	study	delayed	
outcomes	(e.g.	issue	of	lenalidomide	and	secondary	malignancies).	Medico‐economic	
studies	 should	 also	 benefit	 from	 this	 work.	 The	 capabilities	 of	 such	 data	 are	
illustrated	by	the	study	of	disease	trajectory	in	multiple	myeloma	72.	
2. After	 the	 identification:	 taking	 account	 of	 complex	 drugs	
regimens	in	oncology		
One	project	was	dedicated	to	a	method	for	identifying	chemotherapy	regimens	and	
then	offers	the	potential	of	building	whole	patients	trajectories.	The	interest	of	this	
knowledge	is	real.	A	next	step	would	be	to	integrate	these	trajectories	in	statistical	
analysis.	The	 thesis	does	not	develop	 this	point,	but	marginal	 structural	modelling	
would	 be	 of	 particular	 interest	 to	 adjust	 for	 the	 “dynamic	 relationship	 between	
duration	of	time	on	drug(s),	confounders,	and	outcomes”	167.	An	example	in	multiple	
myeloma	 is	 provided	 by	Kalinjuma	 166,	who	 estimated	 the	 effect	 of	 chemotherapy	
regimens	 in	 patients	with	multiple	myeloma,	 taking	 account	 of	 treatment	 changes	
(cross‐over	bias).	
3. Transferability	to	other	malignancies	
The	 question	 of	 transferability	 to	 other	 malignancies	 is	 of	 particular	 interest.	
According	 to	 the	representation	of	costly	drugs	within	the	"hors	GHS"	scheme	and	
the	ability	to	discriminate	regimens,	the	transferability	is	not	a	priori	ensured	for	all	
malignancies,	and	must	be	handled	on	a	case‐by‐case	basis.	The	steps	for	identifying	
treatment	lines	in	claims	database	is	inserted	Table	6.	
Table	6.	Steps	for	identifying	treatment	lines	in	claims	database	
	 Steps	for	identifying	treatment	lines	
	 Review	relevant	recommendations	to	list	all	drugs	with	an	indication	in	the	
disease	of	interest	
	 Check	legal	status	(and	conditions	for	dispensing)	and	presence	within	the	
database	
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	 Steps	for	identifying	treatment	lines	
	 Create	a	patient‐day	dataset	containing	only	fully	observable	drugs	
	 Consider	the	possibility	of	grouping	drug	that	could	be	administered	indifferently	
(e.g.	corticosteroids)		
	 Set	a	period	of	eligibility	(28	days*),	a	period	to	define	gap	(90	days*)	and	
determine	grace	periods	for	all	drugs	
	 Apply	the	algorithm	on	data	aggregated	by	patients,	day	and	drug	or	drug	group	
 Start	with	the	first	drug	dispensing	
 All	drugs	within	the	period	of	eligibility	would	begin	to	the	current	line	
 If	no	drug	is	refilled	after	the	maximum	period	(90	days),	declare	the	end	of	
the	line	
 Declare	a	new	line	after	a	line	gap	or	if	a	new	drug	is	introduced	outside	the	
grace	period	of	drugs	entering	in	the	previous	line	
 	Consider	the	possibility	of	declaring	a	new	line	only	if	duration	of	overlap	
with	newly	introduced	drug(s)	is	sufficient	(7	days*)	
Apply	this	algorithm	until	all	the	drugs	in	the	dataset	have	been	processed	
	 Examine	unknown	combinations	and	consider	a	possible	overlap	between	lines.		
	 Investigate	consistency	with	current	practice	using	expert	advice	(oncologist)	and	
external	sources	if	available	
*	Sensitivity	analyses	should	be	conducted	using	different	durations	
	
To	test	applicability	in	other	diseases	could	be	computerized.	Minimal	requirements	
would	include	nature	and	composition	of	recommended	chemotherapy	regimens.	A	
proposal	 of	 parameters	 for	 a	 systematic	 assessment	 of	 chemotherapy	 building	
algorithms	on	the	basis	of	a	list	of	recommended	regimens	is	proposed	table	7.	
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Table	 7.	 Planned	 parameters	 for	 a	 systematic	 assessment	 of	 chemotherapy	
building	algorithms	on	the	basis	of	a	list	of	recommended	regimens	
Parameters	 	
User‐defined	
parameters	
List	all	drugs	involved	in	drug	regimens	(ATCi)	
	 List	of	all	recommended	combinations	ATC1‐ATCi	
	 	
Outputs	 Test	 ATC	 i	 against	 list	 of	 costly	 drugs	 to	 assign	 status	 for	
exposure	during	hospitalization	(immeasurable)	
	 List	all	distinct	combinations	that	could	be	identified		
Summary	
statistics	
Process	 the	 database	 and	 output	 exposure	 indicators:	 number	
of	lines,	cycles,	number	of	non‐standard	cycles,	time	to	stop	
	 individual	and	aggregated	profiles	(flow	diagrams)	
	
	
4. Studying	 multiplicity:	 perspectives	 for	 implementing	 the	
method	for	identifying	drug‐drug	interactions	
The	tool	presented	at	chapter	5	offers	a	general	framework	for	implementing	drug‐
drug	interaction	studies	in	French	health	insurance	database.	The	model	used	does	
not	provide	a	high	prevalence	of	interaction	due	to	the	relatively	low	range	of	drugs	
used.	 Studies	 on	 cancer	patients	 and	maybe	on	 classes	with	 a	higher	potential	 for	
interaction	(Tyrosine	Kinase	Inhibitors)	might	be	relevant.	
Existing	 compendium	 could	 be	 refined	 in	 order	 to	 select	 only	 relevant	 (“high	
priority”,	 “clinically	 significant”)	 or	 unlisted	 drug‐drug	 pairs	 of	 particular	 interest.	
These	 tools	 could	 also	 be	 used	 as	 a	 first	 step	 when	 studying	 the	 occurrence	 of	
specific	 outcomes	 (drug‐related	 hospitalizations,	 death,	 etc.).This	work	 is	 likely	 to	
facilitate	 further	 research	on	DDIs	 through	 automated	 computation	 and	 adaptable	
tools.	 Outputs	 of	 DDIs	 exploration	 are	 intended	 to	 increase	 knowledge	 and	 raise	
291 
	
awareness	 of	 different	 stakeholders	 on	 concomitant	 use	 of	 contraindicated	
medication	 combinations,	 and	may	be	 applied	 for	prescribing	quality	 surveillance.	
We	 plan	 to	 update	 the	 compendium	 yearly,	 and	 make	 it	 available	 for	 other	
researchers.	 The	 steps	 for	 adapting	 the	 compendium	of	 interaction	 for	 automated	
detection	in	claims	databases	are	summarized	Table	8.	
	
Table	 8.	 Steps	 for	 adapting	 the	 compendium	 of	 interaction	 for	 automated	
detection	in	claims	databases	
Main	points	to	be	considered	
Quality	control	checks	performed	for	adapting	the	compendium	
Coherence	of	the	source	number	of	pairs	and	number	in	the	description	
All	pDDI	have	a	description	attributed	
All	pDDI	could	be	classified	into	“contraindicated	combinations”,	“inadvisable	
combinations”,	“Precautions	for	use”	or	“Combinations	to	consider”,	some	of	them	
belong	to	several	categories	
For	ATC	coding,	assign	all	the	ATC	codes	for	which	the	active	substance	is	included	
Refer	to	the	thesaurus	of	classes	to	access	all	individual	substances	
Identifying	pDDIs	
Create	a	patient‐day	dataset	containing	only	observable	drugs	
Consider	the	possibility	of	grouping	drugs	of	interest		
Compute	the	number	of	drug	days	dispensed		
Set	a	grace	period	
Set	an	additional	period	to	account	for	residual	pharmacological	activity		
Apply	the	algorithm	on	data	aggregated	by	patients	and	overlapping	sequence	
(apply	only	in	sequences	with	at	least	two	2	distinct	drugs)	
Apply	this	algorithm	until	all	overlapping	sequences	in	the	dataset	have	been	
processed	
Investigating	particular	pDDI	
Review	relevance	of	the	pDDI	
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Main	points	to	be	considered	
Limit	the	compendium	to	the	pDDI	of	interest	
Consider	the	possibility	of	testing	only	some	route	of	administration		
Consider	the	possibility	of	testing	only	drugs	for	some	dosage	only	
Check	legal	status	(and	conditions	for	dispensing)	and	presence	within	the	database	
Investigate	the	relevance	of	the	potential	DDI	retrieved	using	expert	advice	(clinical	
pharmacologist)	and	external	sources	if	available	
*	Sensitivity	analyses	should	be	conducted	using	different	duration	
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X. Recommendations	
	
Résumé	16.	Proposition	de	recommandations	
SUMMARY	IN	FRENCH	
Une	 des	 lignes	 directrices	 de	 ce	 travail	 a	 consisté	 à	 énoncer	 les	 leçons	 tirées	 des	
diverses	analyses	sous	forme	de	principes	méthodologiques	plus	généraux,	de	telle	
sorte	qu’ils	puissent	être	plus	facilement	transposés	dans	des	contextes	proches.	
Au	cours	du	premier	travail	de	revue	des	données	du	médicament	171,	cela	a	pris	la	
forme	d’une	liste	des	points	à	vérifier	pour	s’assurer	de	la	disponibilité	longitudinale	
des	 données.	 De	 la	 même	 façon,	 le	 projet	 de	 reconstitution	 des	 lignes	 de	
chimiothérapie	inclut	une	table	détaillant	les	étapes	nécessaires	pour	conduire	cette	
reconstitution	dans	d’autres	affections.	Ce	principe	est	également	retrouvé	au	sein	
du	projet	sur	 les	 interactions	médicamenteuses,	par	 le	biais	d’un	tableau	retraçant	
les	 points	 essentiels	 à	 considérer	 pour	 utiliser	 l’outil	 proposé,	 l’adapter	 un	 autre	
compendium	ou	effectuer	un	ciblage	sur	des	interactions	d’intérêt.		
Conformément	 à	 cet	 objectif,	 cette	 thèse	 se	 termine	 par	 une	 série	 de	
recommandations	dans	chacun	des	3	axes	identifiés	à	travers	les	différents	projets.	
	
1.	 Développer	 une	 connaissance	 approfondie	 des	 sources	 de	 données	 et	
réhabiliter	une	phase	d'exploration	des	données	longitudinales	
 S’assurer	 une	 bonne	 connaissance	 de	 l'origine	 de	 la	 source	 de	 données,	 de	
son	mode	d’alimentation,	et	de	son	contenu.	
 Examiner	 attentivement	 les	 médicaments	 d'intérêt	 pour	 identifier	 tout	
problème	potentiel	dans	la	disponibilité	des	données	longitudinales.	
 Effectuer	 une	 analyse	 exploratoire	 des	 données	 brutes	 (outils	 graphiques)	
pour	identifier	les	ruptures	inattendues	dans	la	disponibilité	des	données	:	
– Si	 au	moins	 un	 des	médicaments	 d’intérêt	 ne	 figure	 pas	 sur	 la	 liste	 des	
spécialités	 en	 sus	 (statut	 par	 rapport	 à	 l’exposition	 non	 disponible	 au	
cours	 des	 hospitalisations),	 considérer	 la	 possibilité	 de	 planifier	 une	
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méthode	 afin	 de	 quantifier	 l’ampleur	 de	 ce	 biais	 lié	 aux	 périodes	
inobservables	et	tenter	de	le	prendre	en	compte.		
– Envisager	 la	 possibilité	 d'utiliser	 des	 méthodes	 de	 visualisation	 de	
données	pour	mieux	comprendre	les	modalités	d’utilisation	en	vie	réelle.	
 Effectuer	 une	 analyse	 exploratoire	 sur	 un	 sous‐ensemble	 de	 la	 base	 de	
données	pour	 confirmer	 la	pertinence	de	 la	modélisation	de	 l'exposition	au	
médicament	(exposition	chronique	ou	ponctuelle).	
 Envisager	 la	possibilité	d'utiliser	des	méthodes	de	visualisation	de	données	
pour	explorer	et	décrire	les	modalités	d'exposition	au	médicament.	
	
2. Prendre	 des	 mesures	 appropriées	 pour	 réduire	 l'impact	
des	méthodes	utilisées	dans	le	cadre	d’études	longitudinales		
 Envisager	 la	 possibilité	 d'utiliser	 plusieurs	 méthodes	 pour	 catégoriser	
l'exposition	 ou	 pour	 estimer	 les	 paramètres	 de	 risque	 au	 sein	 de	 la	même	
étude.	
 Documenter	l’ensemble	des	codes	de	médicaments	utilisés,	les	tables	sources	
(exemple	:	PMSI	MED,	UCD),	 ainsi	que	 les	méthodes	détaillées	pour	dériver	
les	doses	et	les	durées.	
 S’appuyer	 sur	un	outil	 comme	RECORD	pour	 rapporter	de	 façon	 structurée	
les	études	sur	les	sources	de	données	secondaires	:	
o Ne	 pas	 négliger	 l'impact	 des	 étapes	 de	 calcul	 et	 'envisager	 la	
possibilité	 d'utiliser	 des	 outils	 permettant	 de	 faciliter	 la	
reproductibilité	des	analyses	(Knitr,	Sweave).	
o Prévoir	 la	 réalisation	 d’analyses	 de	 sensibilité	 dès	 lors	 qu’un	
paramètre	 est	 basé	 sur	 un	 choix	 de	 l'investigateur	 (fenêtre	 de	
risque,	période	de	grâce,	etc.).	
o Évaluer	la	robustesse	des	estimations	selon	les	méthodes	utilisées	
et	explorer	la	direction	des	résultats.	
	
3.	 Interroger	 le	 rationnel	 pharmacologique	 ou	 clinique	 pour	 chaque	 choix	
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méthodologique	
 Lorsque	la	sélection	des	médicaments	d’intérêt	est	basée	sur	la	classification	
ATC,	 accorder	 une	 attention	 particulière	 aux	 médicaments	 avec	 un	
mécanisme	similaire	classés	ailleurs.	
 Dans	 le	 cas	 d’une	 étude	 ciblant	 une	 classe	 de	médicaments,	 discuter	 sur	 la	
base	 des	 connaissances	 pharmacologiques	 de	 la	 possibilité	 d’un	 potentiel	
effet	 différentiel	 entre	 les	 substances	 individuelles,	 et	 planifier	 un	 moyen	
d'explorer	 cette	 question	 (analyses	 complémentaires	 au	 niveau	 de	 la	
substance	active	par	exemple).	
 Lors	de	 la	 conception	des	groupes,	envisager	 la	possibilité	de	 constituer	un	
groupe	 de	 comparaison	 actif	 en	 plus	 du	 traditionnel	 groupe	 constitué	 de	
patients	non	exposés	(réduction	du	biais	d’indication).	
 Lors	du	choix	de	la	fenêtre	de	risque,	examiner	attentivement	la	justification	
pharmacologique	:	
 Éviter	d’adopter	une	fenêtre	de	risque	à	long	terme	lorsqu’une	durée	plus	
courte	serait	pertinente	(sélection	des	survivants).	
 Préférer	l'utilisation	d’une	exposition	dépendante	du	temps	lorsque	toute	
exposition	 (quelle	 que	 soit	 la	 dose	 reçue)	 reste	 compatible	 avec	 la	
survenue	 de	 l’évènement	 d’intérêt	 (hypothèse	 retenue	 pour	 les	
benzodiazépines).	
 Compléter	 l'analyse	 avec	 une	 évaluation	 dose‐effet	 afin	 d'obtenir	 des	
arguments	supplémentaires	pour	discuter	l’aspect	causal	de	l’association.		
 Envisager	 la	possibilité	d'utiliser	des	méthodes	plus	 flexibles	pour	relier	
l'exposition	au	médicament	avec	le	résultat.	
 Envisager	la	possibilité	d'inclure	des	médicaments	concomitants	d'intérêt	
sous	forme	dépendante	du	temps.	
 Catégoriser	et	décrire	l'exposition	d'une	manière	cliniquement	pertinente	
(protocoles	 de	 chimiothérapie	 en	 oncologie,	 catégories	 soigneusement	
choisies	pour	les	doses).		
 Face	à	des	 résultats	hétérogènes	entre	des	 sous‐groupes	ou	des	 sources	
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de	 données,	 rechercher	 des	 facteurs	 potentiellement	 explicatifs	 (statut	
légal,	recommandations	et	pratiques	nationales,	etc.).	
	
Recommendations	
A	 general	 objective	 of	 this	 thesis	 was	 to	 formulate	 lessons	 learned	 and	 general	
methodological	 principles	 in	 such	 a	 form	 that	 it	 will	 help	 other	 researchers.	
Whenever	 it	 was	 relevant,	 a	 table	 summarizing	 methodological	 principles	 was	
included	in	the	article,	in	such	a	form	that	it	will	help	other	researchers.	In	the	article	
on	overview	of	drug	data	availability	171,	it	takes	the	form	of	a	structured	checklist	to	
identify	 problems	 with	 data	 availability	 in	 SNIIRAM	 databases.	 In	 the	 project	 on	
chemotherapy	regimens	 identification,	 the	 “steps	 for	 identifying	 treatment	 lines	 in	
claims	database”	were	inserted	in	the	manuscript.	In	the	same	way,	the	manuscript	
on	drug	interactions,	the	main	points	to	consider	when	adapting	the	compendium	of	
interaction	for	automated	detection	in	claims	databases	were	provided.		
In	 line	with	this	objective,	 this	thesis	concludes	with	a	set	of	recommendations	for	
researchers,	falling	into	3	main	areas	identified	through	the	different	projects.	
	
1. Develop	 a	 deep	 knowledge	 of	 the	 data	 source	 and	 rehabilitate	 a	
proper	data	exploration	phase	of	longitudinal	data	
o Ensure	a	proper	knowledge	of	the	data	source	origin,	content	
o Carefully	 consider	 the	 drugs	 of	 interest	 to	 identify	 any	 potential	
issue	in	longitudinal	data	availability	
o Make	 an	 exploratory	 phase	 (graphical	 tools)	 on	 raw	 data	 to	
identify	any	unexpected	gaps	in	data	availability	
o When	focusing	on	drugs	not	recorded	during	hospitalizations,	plan	
a	method	for	handling	with	immeasurable	time	bias	and	report	the	
magnitude	of	immeasurable	time	as	compared	to	patients’	follow‐	
up.	
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o Consider	the	possibility	of	using	data	visualization	methods	to	gain	
insight	into	real	life	patterns	of	use	
 Make	an	exploratory	phase	on	a	database	subset	to	confirm	
the	relevance	of	drug	exposure	modelling	(chronic	or	point	
exposure?)	
 Consider	the	possibility	of	using	data	visualization	methods	
to	 explore	 and	 report	 longitudinal	 patterns	 of	 drug	
exposure	
	
2. Take	appropriate	measures	for	reducing	the	 impact	of	the	methods	
used	for	handling	longitudinal	drug	exposure		
o Consider	 the	 possibility	 of	 using	 a	 combination	 of	 different	
methods	 for	 categorizing	 exposure	 or	 for	 estimating	 risk	
parameters	
o Document	 all	 drug	 codes	 used,	 including	 detailed	 methods	 for	
deriving	doses	and	duration	
 Consider	 the	 possibility	 to	 use	 a	 tool	 like	 RECORD	 for	
reporting	study	on	secondary	data	sources	
o Do	not	neglect	 the	 impact	of	 computation	 steps	and	 consider	 the	
possibility	of	using	reproducible	tools	(Knitr,	Sweave)	
o Made	 sensitivity	 analyses	 whenever	 a	 parameter	 is	 based	 on	
investigator’s	choice	(gap	duration,	etc.)		
o Estimate	 changes/robustness	 of	 the	 estimates	 according	 to	 the	
methods	used	and	explore	direction	of	the	results	
	
3. Carefully	consider	pharmacological	or	clinical	rationale	 for	making	
methodological	choices	
o When	selecting	list	of	drug	codes	based	on	ATC	classification,	pay	
particular	 attention	 to	 drugs	with	 a	 similar	mechanism	 classified	
elsewhere	
o When	 focusing	 on	 a	 drug	 class,	 carefully	 discuss	 the	 potential	
differential	 effect	 of	 individual	 drugs	 based	 on	 pharmacological	
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knowledge	 and	 plan	 a	way	 to	 explore	 this	 issue	 (complementary	
analyses	at	the	active	substance	level)	
o When	 designing	 study	 groups,	 consider	 the	 possibility	 to	 include	
an	 active	 comparator	 group	 in	 addition	 to	 the	 traditional	 “non‐
user”	group		
o When	 setting	 the	 risk	 window,	 carefully	 consider	 the	
pharmacological	rationale	
 Avoiding	a	long‐term	risk	window	when	a	shorter	endpoint	
would	be	relevant	(selection	of	survivors)	
 Prefer	current	use	when	any	exposure	(at	any	dose)	might	
be	 sufficient	 to	 cause	 the	 outcome	 (example	 of	
benzodiazepines)	
 Complete	the	analysis	with	dose‐effect	assessment	in	order	
to	gain	additional	arguments	for	discussing	causality		
 Consider	 the	 possibility	 to	 use	 more	 flexible	 methods	 for	
linking	drug	exposure	with	the	outcome	
	
o Consider	the	possibility	of	including	concomitant	drugs	of	interest	
in	a	time‐dependent	way	
o Categorize	 and	 report	 drug	 exposure	 in	 a	 clinically	 relevant	way	
(drug	regimens	in	oncology,	carefully	designed	dose	categories)		
 In	studies	 investigating	drug	use,	drug	exposure	should	be	
reported	 in	 a	 way	 that	 is	 consistent	 with	 the	
recommendation	or	current	modalities	of	use.	For	instance,	
in	discontinuous	drug	exposure,	number	of	intake	could	be	
an	 appropriate	 indicator	 (migraine	 and	 triptans	 use	 for	
instance),	 whereas	 computing	 mean	 dose	 per	 month	 has	
probably	little	sense.	
o Faced	 to	 results	heterogeneity	among	subgroups	or	data	sources,	
consider	 potential	 explanatory	 factors	 (legal	 status,	
recommendations	and	national	practices,	etc.)	
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XI. Conclusion	
	
Résumé	17.	Conclusion	générale		
SUMMARY	IN	FRENCH	
Les	conclusions	des	études	observationnelles	 se	montrent	 très	 sensibles	aux	choix	
méthodologiques,	en	particulier	à	la	fonction	et	à	la	fenêtre	de	risque	retenues	pour	
modéliser	l’exposition,	mais	aussi	à	certains	biais	rarement	pris	en	compte	(périodes	
inobservables).	En	mettant	l’accent	sur	l’importance	de	la	connaissance	des	données	
et	 du	 rationnel	 pharmacologique	 dans	 la	 modélisation,	 et	 en	 développant	 des	
approches	 alternatives	 pour	 la	 prise	 en	 compte	 des	 expositions	 multiples,	 ces	
travaux	 contribuent	 à	 accroître	 la	 pertinence	 et	 la	 robustesse	 des	 études	
longitudinales	 conduites	 à	 partir	 de	 bases	 de	 données	médico‐administratives,	 en	
particulier	dans	le	cas	d’expositions	médicamenteuses	multiples	et	discontinues.	
	
Conclusions	 are	 highly	 sensitive	 to	 methodological	 choices.	 By	 promoting	 prior	
knowledge	 of	 the	 data	 sources	 and	 the	 implementation	 of	 simple	 but	 robust	
methods,	 but	 also	by	 reminding	 the	 central	 role	 of	 pharmacological	 rationale,	 this	
thesis	was	 intended	 to	 improve	 the	 validity	 and	 the	 robustness	 of	 drug	 exposure	
measurement	in	medico‐administrative	databases	in	the	context	of	longitudinal	and	
multiple	concomitant	exposures.	
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PRES	Université	de	Toulouse		
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2016	  Traitement	de	Masse	de	Données	Scientifiques	(4	days)	
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Bordeaux,	France	
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Ecole	d'été	2014	Méthodes	et	techniques	en	épidémiologie	(4	
days).	Institut	de	Santé	Publique,	d'Épidémiologie	et	de	
Développement	(ISPED),	université	de	Bordeaux	
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CNAM‐TS,	Paris	
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26‐27	mai	2014	  First	meeting	of	EPICHRONIC	
Center	for	Biomedical	Research	of	La	Rioja	(CIBIR)	
Logroño,	Spain	
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 Populations	of	analysis	(1	hour)	
 Sub‐group	analysis	(1	hour)	
 Missing	data	(1	hour)	
 Risk	associated	with	drug	use	(3	hours)	
 Meta‐analysis	(2	hours)	
	
	 Master	 2	 Recherche	 «	Épidémiologie	 clinique	»,	 Université	 Paul	 Sabatier,	
Toulouse	III	
 Clinical	research	methodology	(3	hours)	
 Meta‐analysis	(3	hours)	
	
	 Master	 1	 Santé	 Publique,	 «	Méthodologie	 de	 la	 recherche	 clinique	 et	
épidémiologique	»	,	Université	Paul	Sabatier,	Toulouse	III	
 Choice	of	endpoints	in	clinical	studies	(2	hours)	
 Interim	analysis	(2	hours)	
 Non	inferiority	trials	(2	hours)	
 Power	and	sample	size	(2	hours)	
 Pharmacoepidemiology	(2	hours)	
	
	 Master	2	Mékong	Pharma	(Master	en	sciences	pharmaceutiques),	Université	
des	sciences	de	la	santé	du	Laos,	Université	Paul	Sabatier,	Toulouse	III	
 Biostatistics	in	clinical	pharmacology	(25	hours)	
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Résumé:	Le	contexte	 international	de	 la	pharmacoépidémiologie,	marqué	par	 la	mise	en	œuvre	d’un	nombre	
croissant	d’études	multi‐sources,	a	fait	émerger	un	certain	nombre	de	questionnements	autour	de	la	gestion	de	
données	conflictuelles	ou	de	l’impact	des	choix	méthodologiques	sur	les	résultats.	Accroître	la	confiance	dans	
ces	 études	 observationnelles	 et	 renforcer	 leur	 crédibilité	 face	 aux	 données	 issues	 des	 essais	 cliniques	
représente	 un	 enjeu	 majeur,	 qui	 dépend	 étroitement	 de	 la	 robustesse	 des	 conclusions	 produites.	 Dans	 ce	
domaine,	 la	mesure	de	 l’exposition	médicamenteuse	revêt	donc	une	 importance	 toute	particulière,	 tant	pour	
des	 études	 portant	 sur	 l’estimation	 d’un	 risque	 ou	 d’un	 critère	 d’efficacité,	 que	 lors	 de	 la	 description	 des	
modalités	 d’utilisation	 en	 vie	 réelle.	 L’exposition	 médicamenteuse	 reste	 un	 phénomène	 complexe	 qui	 se	
caractérise	la	plupart	du	temps	par	des	cycles	discontinus,	marqués	par	des	évolutions	de	doses	et	la	présence	
de	médicaments	concomitants.	Compte	tenu	des	caractéristiques	pharmacodynamiques	et	pharmacocinétiques	
propres	 à	 chaque	 médicament,	 cette	 mesure	 d’exposition	 revêt	 un	 caractère	 majeur.	 Cependant,	 la	 façon	
d’appréhender	les	cycles	d’exposition	au	sein	des	bases	de	données‐médico‐administratives	peut	varier	selon	
les	études.	Or,	on	connaît	peu	l’impact	de	ces	méthodes	de	mesure	sur	les	estimations	de	risque	obtenues.	De	
plus,	 elles	 sont	 parfois	 peu	 adaptées	 à	 la	 prise	 en	 compte	 d’expositions	 concomitantes	 multiples,	 d’où	 la	
nécessité	de	développer	de	nouvelles	approches.	Après	avoir	réalisé	une	revue	des	données	sur	le	médicament	
contenues	dans	 les	bases	de	données	de	 l’assurance	maladie	 française,	en	 insistant	plus	particulièrement	sur	
les	ruptures	dans	la	disponibilité	des	données,	des	études	de	cas	ont	été	menées	afin	d’explorer	ces	questions	
dans	différents	contextes.	Dans	un	premier	temps,	un	modèle	générique	a	été	employé	comme	prototype	d’une	
exposition	 discontinue,	 celui	 de	 la	 population	 générale	 utilisatrice	 de	 benzodiazépines	 anxiolytiques	 et	
hypnotiques,	médicaments	 très	 répandus.	Cette	 étude	 explorant	 la	mortalité	 associée	aux	benzodiazépines	 a	
également	été	utilisée	pour	évaluer	l’impact	des	périodes	d’exposition	inobservables	lors	des	hospitalisations.	
Dans	un	 second	 temps,	 des	 travaux	ont	 été	menés	dans	 le	 champ	de	 l’onco‐hématologie,	 en	prenant	 comme	
modèle	d’exposition	complexe,	à	la	fois	discontinue	et	multiple,	les	protocoles	de	chimiothérapie	du	myélome	
multiple.	Enfin,	un	dernier	projet	 a	 étudié	 l’apport	potentiel	 des	méthodes	de	visualisation	de	données	pour	
améliorer	 la	 description	 de	 l’exposition	 longitudinale	 au	 médicament	 et	 des	 situations	 de	 concomitance,	 et	
rendre	plus	pertinente	leur	modélisation.	Ces	travaux	méthodologiques	ont	ainsi	cherché	à	améliorer	la	validité	
et	 la	 robustesse	 de	 la	mesure	de	 l’exposition	médicamenteuse	dans	des	 contextes	 d’expositions	multiples	 et	
discontinues.	
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